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To the Architectural , Engineering and 
Building Fraternity. 

This book is intended to serve the purposes of the various companies 
interested diredtly and indiredtly in the manufacture and structural use of 
Expanded Metal, as it applies to building operations, and in some manner 
assist the architect, engineer and builder in their several requirements. In 
the past ten years, each of the individual companies engaged in the Ex¬ 
panded Metal business has published, from time to time, various catalogues 
and circulars; but the present and constantly-increasing magnitude of their 
business justifies the issue of this as a joint production. Their work and 
interests, although clearly defined as to territory and class of operations, 
are nevertheless harmonious and united in plan and purpose. What is said 
and shown in the following pages is a record of what has been accom¬ 
plished, rather than plans and designs of what they propose to do. Expanded 
Metal is a feature of unique interest in building operations, and its position 
as a material is singularly strong. What we show herein has been accom¬ 
plished at our hands, with the entire approval of designer and owner; and 
to those not familiar with our work, we offer this as a guide to what may 
be done under our present systems of operation. 

We also invite the attention of underwriters to our systems, as they will 
find we are able to accomplish much in minimizing their risks in many 
otherwise dangerous points of construction. 

That this book may serve the purpose of showing to the architect, engi¬ 
neer, builder and owner something new and desirable in the way of advanced 
and better methods of building operations is our desire and belief. 

The department of engineering edited by Geo. S. Hayes and Jas. E. 
Boatritk, civil engineers, of New York, is presented as a feature of special 
interest to our friends. The tables contained therein are entirely new to 
the engineering fraternity, and their value will be recognized at once. 
These, with the other information on topics of daily import, constitute a 
feature of our production which, we believe, will receive ready welcome. 
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EXPANDED METAL, 


It will be acknowledged by all who are familiar with the subject 
that no product of the metal worker’s genius and skill has appeared 
in a score of years quite equal to Expanded Metal in all respects 
which go to make up a distinct article of commerce and trade. It 
was in reality an original invention, and moreover was not an acci¬ 
dental discovery. It was the product of study and effort to a desired 
end. And what is quite as peculiar is that the uses to which it is 
to-day put most largely were not thought of when it was first con¬ 
ceived. The design and purpose of the inventor was to so man¬ 
ipulate a piece of sheet steel as to make a webbing of it to be used 
as a fencing material. The various steps in the process of evolution 
are too many to repeat here. Suffice it to say that appreciative 
capital recognized the merit of a genuine and original invention 
and soon the long, wearisome and expensive process of designing 
and building a machine to make the thing a commercial product 
was begun. It required the study of at least half a dozen mechani¬ 
cal experts, the building of a dozen succesive but imperfect ma¬ 
chines, four years of time, tens of thousands of money, and still 
more of pluck and patience, but success finally came. 

Aside from the ten corporate organizations, together with a 
swarm of agencies, engaged directly and indirectly in the business 
in this country, there are large factories in Europe and Australia 
with a constantly widening use of the material. 

Mechanically speaking Expanded Metal is made from a piece of 
steel, cut with the grain and pushed out or expanded into diamond 
shaped meshes, so that the original surface is greatly increased. 
The direction of the edge undergoes a complete reversal, and the 
flat surface of the cut strand is at a 45 degree angle with the condi¬ 
tions originally existing. In order to secure these desirable quali¬ 
ties it is necessary to use only a soft, tough steel of fine texture. It 
presents its smallest surface as an obstruction to light, and its 
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largest in the line of resistance to pressure. Each mesh is indepen¬ 
dent of all others, and numerous strands may be cut without mate¬ 
rially weakening the sheet. It is impossible to unravel it, as it is 
solid at all points of intersection. There is nothing like it and 
nothing equal to it. In the small diagram herewith shown (fig. i) 



an intelligible idea is given of how it is produced from the solid 
sheet. The expansion of course varies according to the size of mesh 
produced. In the lathing material the gain in area about 3 to 1, 
while in the 4" mesh it is 8 to 1. In other words a strip of steel 
6 r/ wide will produce a sheet of Expanded Metal 48" wide. 



fig. 2. 


Figure 2 is an illustration actual size of standard Expanded 
Metal lathing, while figure 3 represents in reduced scale the 
diamond mesh material, such as is used in floor construction. 

In practice our companies are all prepared to furnish the stand¬ 
ard lathing material, which is cut from No. 20 to No. 27 gaugesteel, 
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and iX // » 2 K // an d A" niesh cut from No. 18 and No. 16 gauge 
steel as occasion may require. 

Its use as a lathing material had grown to very extensive propor¬ 
tions when by experiment it was found that a sheet of the larger 
meshes, made from heavier steel, when imbedded in a concrete slab 
multiplied its strength many times. Thus followed the develop¬ 
ment of a variety of systems of floor construction. The actual merit 
and value of these various systems of construction found ready ac¬ 



ceptance by intelligent architects and engineers, and to-day the 
Expanded Metal industry occupies a position singularly unique and 
important in the world of structural materials. In succeeding pages 
we show in detail a variety of forms in which it has been adopted 
and used in fireproof building operations, as well as a number of 
scientific and practical tests upon work accomplished, with results 
which are quite satisfactory to all concerned. 
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THE EXPANDED METAL SYSTEM 
OF FLOOR CONSTRUCTION. 


The points to be attained in fire-proof floors are: positive 
strength, lightness, efficiency to resist fire, and cost. 

It is doubtful if at the present time enough attention is paid to 
what may be called reconn oissance. If every item of cost were care¬ 
fully considered, it would be found that a large part of the structural 
expense of buildings lies in the dead weight carried. This weight 
is of itself undesirable both as a space occupying and expensive 
feature. The skeleton steel frame for buildings was born out of 
such conditions and with it came the veneer wall, with its thin 
facing of stone, terra cotta or brick. Although the walls have been 
reduced, and rentable space obtained laterally, until recently no at¬ 
tention has been given to the floors. In a building of considerable 
dimensions, of the old style block construction, the total loads due 
to the weight of floors will exceed the total loads due to the walls, 
which come on the foundations and columns. If the distance from 
the finished ceiling to the finished floor be 1 6 inches, and the build¬ 
ing has ten (io) stories we must add 9x16 inches — 12 feet, to our 
walls between first floor and ceiling of tenth story. Considering 
also the additional weight of girders, beams and columns incident 
to the old style of floor construction, it is evident that vast improve¬ 
ment may yet be made in our so called modern buildings. 

Cement concrete properly made is a mass composed of cement, 
sand and water, together with a solid ingredient, combined in fixed 
proportions, and presents, when set and hardened, such excellent 
qualities that it stands in its peculiar field unrivaled. The employ¬ 
ment of concrete for floors has been one of long duration and many 
tabular publications on this subject show wonderful results. The 
attempts of some of the pioneers to use a richer cement at the bot¬ 
tom of the slab or plate in order to give the floor greater tensile 
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strength was but honest effort misapplied. The object to be attained 
could not be arrived at by such means. The introduction of metal 
in the lower part of a concrete plate is .strict construction, as con¬ 
crete and steel have practically the same change under like thermal 
conditions. Steel imbedded in a non-porous concrete is practically 
imperishable. The cohesion between steel and concrete is practi¬ 
cally five times the tension of concrete and the relation of tension 
to compression in concrete is practically one to ten. Finally con¬ 
crete is an excellent material in compression. With this union of 
concrete and metal a floor may be constructed positive in strength, 
light, fire-resisting, and above all cleanly. 

Good cement is necessary, and of all the cements, Portland is 
the most valuable, and compared strength to strength it is cheaper 
than lime. 

The sand used should be good and sharp, free from all earthy 
detritus, angular and not too fine, for the strength of concrete de¬ 
pends on the strength of the mortar rather than on the cement used. 
Only pure water should be used, and enough of it to give every 
particle a chance to act freely, but not enough to wash over the 
richness and allow globules to form in the mass which evaporating 
leaves just so many cavities. It is doubtful if an excess of sand is 
desirable in any concrete, as it permits the concrete to harden, but 
it makes the concrete weaker. It is well then to keep this ingre¬ 
dient at a minimum. 

Broken stone, when used, forms the strongest of concrete, but it 
also gives a concrete of great weight. Cinder concrete weighs from 
60 to 80 pounds per cubic foot, or about one-half of the weight of 
the aggregate stone concrete, and has a better fire resistance. 

A good formula for concrete floor construction and one used 
mainly in our work is i part cement, 2 parts sand and 5 parts furnace 
cinders. These proportions vary with the character of the sand and 
cinders. The thickness of the slab or plate of concrete in which is 
imbedded the Expanded Metal also varies, this variation being 
dependent upon areas between beams and load to be carried. It 
may be said that a slab 3" in thickness is entirely requisite for all 
ordinary floors. In these slabs of concrete the metal is completely 
embedded, and as the mixture is thoroughly tamped the resulting 
mass is solid and nouporous, leaving 110 chance for oxidization of 
the metal. Under these conditions the full value of the floor is 
good for all time. Its fire-resisting quality is beyond question. 
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throughout the country on spans 8 to 16 feet, with the arch channels at 4 _ foot centers. The channel arches 
indicated are formed by placing in position curved steel channels 5 X/ to 8 // , weighing 6 to io pounds per foot, 
according to requirements. Upon these the concrete is built up to floor level. The floors can be made to 
sustain any desired load by simply increasing or diminishing the number or weight of the steel and concrete 
arches. 
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THE VARIOUS SYSTEMS. 

Not the least value of our system of floor construction is its 
adaptability to varying conditions and circumstances. As will be 
seen by the accompanying illustrations we are prepared for every 
possible variety of iron framing, and we can secure any desired 
result as to strength or style of finish, be it flat ceiling, segment 
arch or paneled effect. All of the systems shown have been accom¬ 
plished at our hands, and accompanying test reports and testimo¬ 
nial letters will show with what satisfactory results. It is scarcely 
necessary to make an extended description of the method of con¬ 
struction of each, as the drawings herein show the facts clearly. It 
is enough to say that after placing the proper centering in position, 
Expanded Metal of either 2^ // or 4 // mesh is laid down, the sheets 
of material, 8 / x 4/ or S / x 3', being placed lengthwise across beams 
or girders, and securely joined at sides and ends. The concrete 
mixture is then spread over the surface and thoroughly tamped 
down. This process results in the metal being secured in the lower 
inch of the plate and entirely imbedded in it, leaving a smooth 
surface underneath when the centering is removed. 

These details of construction practice vary with the different 
systems, as will be apparent from the illustrations shown. The 
economiesl accomplished, as well as the question of desired results 
as to strength and weight, must be calculated for each instance in 
practice as they may occur. 

To accomplish the greatest economy in all respects, it is specially 
desirable that the designing architect or engineer should make use 
of our formulas for the iron framing. I11 other words, the full value 
of these systems from an economic standpoint do not appear without 
special iron framing in accordance with their requirements. But 
let it be understood that this is not difficult or in any way outside 
the rules of good engineering practice. The weight of our floors is 
so much less than the usual heavy tile blocks or other bulky methods, 
that a great economy is possible in the iron part of the structure 
itself. And just here let it be said that the weight of the concrete 
slabs constituting the floor in any of our systems will not exceed an 
average of 25 lbs. per square foot. To this end it is desirable that 
designing architects and engineers should take this factor into 
their calculations, when the iron plans are being drawn. Our sev¬ 
eral Companies have associate engineers who will assist in this 
direction when desired. 
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EXPANDED METAL 


THE ECONOMY IN TOTAL WEIGHT. 

It is not alone the economy in iron work itself that need be 
considered, but the opportunity offered for saving in the matter of 
wall and pier foundations. It is.clearly established that the saving 
in weight of our floors and their sustaining iron framing as com¬ 
pared with the usual heavy iron and tile construction is equal to at 
least 50 lbs. per square foot. This in a io-story building of a ground 
size of ioo / x 50' is equivalent to 1,250 tons of dead weight saved. 
It certainly costs no inconsiderable sum to support and sustain this 
useless material. 

THE SANITARY CONSIDERATIONS. 

To the most casual observer the sanatory features of a concrete 
construction are too apparent to need more than mere mention. A 
floor constructed on any one of our systems is in reality a solid 
monolith from outer to outer walls. Such openings as may be made 
in the floor for the passage of pipes and wire necessities can be her¬ 
metically sealed by cementing about them before the final floor 
finish is placed in position. This leaves a floor free from the possi¬ 
bility of germ distribution or the ravages of vermin of any kind. 

In this connection reference maybe made to the method of floor 
laying on the concrete mass. The better practice is shown in our 
illustrations, wherein nailing strips are used, being partially im¬ 
bedded in the concrete before it has set up hard. This method 
gives an air space, having the advantage of sound-proof qualities 
as well as freedom from possible moisture. If desired the flooring 
may be nailed directly upon the concrete, and all danger of dry rot 
can be avoided by a coat of tar or asphaltic paint applied hot to the 
top of the concrete. This further renders the floor germ proof. 

It should also be stated that in many classes of buildings the 
wooden floor is quite unnecessary. On top of the concrete a finish 
coat of from x / 2 " to thickness may be laid of cement and .sand 
only, or an asphalt finish may be used as occasion may require. 
For warehouses, mills, hospitals, laundries, etc.,* this plan may be 
adopted with the advantages of cleanliness, sanitation and freedom 
from even the possibility of fire. 

AN UNSOLICITED TEST. 

A test of the floor construction which was not solicited, and 
which was certainly not a specially prepared instance, occurred on 
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the 25U1 of November, ’95, at St. Joseph, Michigan. The Expanded 
Metal Fireproofing Co., of Chicago, had in course of construction 
the floor .system of the Court House in that city. In the accident 
referred to in the following letter the portion of floor struck by the 
falling stone was in the rotunda of the building. The beams in 
use were I2 // , weighing 40 lbs.' to the foot. The spaces between 
beams were i 6 / 4 // and the distance between arch channels (see illus¬ 
tration of system No. 1 on page 9) was 4 '. The rise of these arches 
was 8 /7 and the concrete itself was 3 // thick. The concrete mixture 
was 1 part Portland cement, 2 parts sand and 5 parts cinder. The 
concrete was only 22 days old at the time of the accident, and 
therefore had only a minor part of its ultimate strength. 

The following letter was sent as an announcement of the mishap 
to the Construction Company : 

Office of J. W. Atkinson & Brothers, 
Contractors Berrier Comity House, 

St. Joseph, Mich., Nov. 26, 1895. 
Expanded Metae Fireproofing Co., 

860 Old Colony Building, Chicago, Ill. 

Gentlemen : There was a heavy storm here last night which dis¬ 
placed about three tons of stone work in the tower of the Court 
House, all of which fell inside of the tower. About one-half of it 
fell on the inasons’ scaffolding, while the other ton and a half came 
down through till it came into contact with our temporary planking 
placed there to protect the concrete floor while hoisting the tower 
materials in place. This planking we found splintered into kind¬ 
ling wood, but we are happy to say that the Expanded Metal floor 
was only slightly damaged by one .stone which weighed three 
hundred (300) pounds and fell a clear seventy (70) feet and outside 
of planking on the concrete over a channel arch, springing it 
slightly and making a damaged spot in the floor less than three 
feet in diameter. 

We sprung the channel back into position and repaired the con¬ 
crete in a short time and soon had everything right again. None 
of the floor around the spot mentioned is damaged, which we con¬ 
sider a miracle almost, considering that a mass of three thousand 
(3000) pounds fell seventy (70) feet without any obstruction to break 
the fall. The span between iron beams is over sixteen (16) feet, 
and we do not think there is another floor made that would stand 
such a test, Yours truly, 

J. W. Atkinson & Brothers. 
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It will be noted that only 300 pounds, or one-tenth of the portion 
which fell on the floor, struck on top of the arch proper. The 
remainder, 2,700 pounds, entirely ruined the temporary board cov¬ 
ering without the least harm to the concrete slab underneath. 
These boards, of course, saved abrasion of the surface, but in no 
wise lessened the impact upon the floor itself. 

By the law of velocity in falling bodies this 300 pound stone was 
traveling at the rate of 67.1 feet per second at the moment of strik¬ 
ing, and it represented an impact on the floor of 20,130 foot pounds. 

TESTS MADE BY HIGH AUTHORITY. 

We take much pleasure in presenting the following reports of 
tests made by the Pittsburgh Testing Laboratory, Ltd. These 
tests cover not only the strength of floors but fire-resisting qualities. 

PITTSBURGH TESTING LABORATORY CO., Ltd. 

Inspecting and Metallurgical Engineers and Chemists, 

116 Water Street. branch offices, 

Geo. H. Clapp, Chairman, Philadelphia, Pa.; Chicago, Ill. 

Alfred E. Hunt, Vice-Chairman and Treasurer. 

Pittsburgh, Pa., March 13, 1895. 
Messrs. CHESS BROTHERS, [Dictated by J. M. B.] 

531 Wood Street, Pittsburgh, Pa. 

Gentlemen : We beg to submit the following report of tests made 
on Expanded Metal Fireproof flooring (Golding System) at the 
South Side Hospital, Pittsburgh, Pa.: 

TEST No. I. The floor tested was the floor in the laundry over 
the boiler house, and is 24/ x 30L It was forty-two days old. The 
floor is supported by two 15" I beams running full width of the 
room, distance between being divided in six bays by 6 // arch chan¬ 
nels. Each of these bays or panels is 3' 10 J 4 " x io', measurements 
being taken on center line of I beams and channels. The panel 
tested was the second center panel from the north side. The floor 
is made up of one part Portland cement (American), two parts sand 
and four parts clinkers, 3" thick. In the lower portion of the floor 
Expanded Metal of coarse mesh is imbedded in the concrete. The 
surface loaded was 3' x 4/ in center of bay upon which was placed 
two stacks of pig iron, and the deflection was noted as load was 
applied. After putting 7,200 lbs. upon the surface mentioned the 
deflection was seven-one hundredths of an inch. This total load 
equivalent to 600 lbs. per square foot on the surface covered. 
An interesting point to note is that this space load was 6,000 lbs., 
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with concrete and 2 /7 wood floor strips are laid across the beams at about 2 7 o f/ centers. The ceiling is plas¬ 
tered in the usual way. This has been largely used in hospitals and like buildings. In practice a floor of 
this construction with beams io 7 o // long and at 4/ o // centers has stood over 300 pounds per foot without 
deflection. It is shown in both cross and longitudinal sections. 
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afterward 1,200 lbs.were added, making a final load of 7,200 lbs., or 
600 lbs. per foot. This 1200 lbs. was subsequently removed, when 
the floor gave the same deflection as 6,000 lbs , showing great elas¬ 
ticity. Before any load was placed on this bay the ceiling in the 
boiler room was carefully examined as regards any cracks. After 
the load of 7,200 lbs., had been placed on, the ceiling was re-exam¬ 
ined, but not the slightest trace of any crack could be discovered. 

Test No. II. A 3 // concrete plate 2' x 4/ long made of the same 
material, at the same time as the floor, but without imbedment of 
Expanded Metal, bedded slightly in sand and cement, was tested 
with 3' io // centers. Pig iron of 500 lbs. weight was loaded on this 
slab, which broke abruptly and without any warning. The deflec¬ 
tion measured was four-one hundredths of an inch, but without 
doubt this was due wholly to the settling of the plate on the sand 
bed. The age of this slab was forty-two days. The load of 500 lbs. 
is equivalent to a uniform load of 125 lbs. per square foot. 

TEST No. III. A 3" concrete plate, identical with that of Test 
No. II, being of the same size, age and mixture, with the exception 
that it contained Expanded Metal, was tested between 3' 10 " sup¬ 
ports, and broke gradually with a center load of 2,082 lbs., giving 
an actual deflection, just before rupture, of ^ of an inch. This 
center load of 2,082 lbs. is equivalent to a uniform distributed load 
of 520.5 lbs. per square foot. Had the Expanded Metal been of 
double section or strength, we consider the load carrying ability 
would have been doubled. 

It is interesting to note the results of these tests : the different 
action in the slab with the Expanded Metal from that without. 
The one without the Expanded Metal broke suddenly without the 
slightest warning, and seemed not to be adapted to such loads, 
while in the case of the slab with the Expanded Metal, deflection 
was not only gradual, but responsive to load increments to a very 
marked degree, and when it broke gave warning some few minutes 
ahead; in fact, before the last hundred pounds was placed on it, 
one could notice that rupture was about to take place. Also in 
Test No. 1, on the floor proper, marked elasticity was shown when 
the loads were put on and taken off, by the floor resuming its 
position before these increments of load. This resilience, the 
absence of any “thrust,” .showed great inherent strength. The 
photos illustrated perfectly and correctly our tests. 

Pittsburgh Testing Laboratory, Ltd. 

A. B. BEEEOWS, Mg’r. 
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Either of these systems is feasible on 4" X beam framing at 4' centers and would represent a total floor 
thickness of 9", making them admirable construction for residence buildings. 
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Pittsburgh, Pa., June 24, 1895. 
Centra^ Expanded Metae Co., 

531 Wood St., Pittsburgh, Pa. 

Gentlemen : We beg to submit the following report of fire test 
made by us on June 21 on Expanded Metal fireproof flooring, Gold¬ 
ing system (Supplementary of load report of March 31). 

Slab was composed of one part American Portland cement, two 
parts sand, four parts clinker, in the lower part of which compo¬ 
sition Expanded Metal was embedded. Slab was 24" x 24" x 3" 
thick, supported on iron pegs driven into the ground, leaving 
15" clear underneath. A fire was built underneath of small pine 
wood and greasy waste ; fire started clear and sharp at 10:57, and 
kept burning 40 minutes. Dry wood was then applied on top — 
so the slab was completely surrounded by a sharp fire. It was 
quenched with a .solid stream from nozzle, which continued 
for ten minutes. When the slab was cool enough for handling, 
an examination showed the under side of the slab (containing 
Expanded Metal) was damaged but slightly; and a sharp blow 
from a hammer was necessary to dislodge any of the concrete 
surrounding the metal, even in its saturated condition. After 
three days we discovered recrystallization that would seem to in¬ 
dicate that the composition was getting back to its original set. 
This, with like tests of two other cement slabs, would indicate 
a refractory quality of high degree. 

Yours truly, 

Pittsburgh Testing Laboratory, Ltd. 

A. B. Beeeows, 

Manager Testing Department. 

SUPPLEMENTARY REPORT TO THAT OF JUNE 24, 1895. 

Pittsburgh, Pa., Sept. 20, 1895. 

Messrs. Chess Brothers, 

Pittsburgh, Pa. 

Gentlemen : At this date a section of the above imbedded con¬ 
crete plate submitted to us indicates that, through crystallization, 
it has returned, so far as we can judge, to its original condition, or 
that existing before the fire-and-water test. 

Yours truly, 

Pittsburgh Testing Laboratory, Ltd. 

A. 3 . Beeeows, 

Manager. 
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not new and has often been employed by architects without introduction of metal binder imbedded. With 
the Expanded Metal added the construction is a marvel in strength, and is adapted for the heaviest of ware¬ 
house purposes. Suspended ceilings may be added for purpose of giving flat effect and affording opportunity 
for locating ventilating or heat pipe systems. These pipes may also be laid in the ash fill between wood floor 
sleepers if desired. 
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PRACTICAL ENGINEERING TEST IN NEW YORK. 

Following is a report made by a well-known engineering firm in 
New York City. The plates and drawings referred to in the report 
are not shown herewith, as they are unnecessary. The system of 
construction used in both cases referred to was the “ Golding,” or 
No. i, shown in this book, and the spans at the Salvation Army 
Building were io / o // between beams and 6 / 2 // between arch chan¬ 
nels, making bays of the size indicated by these figures. At the 
94th-street test the same construction was followed and the bays 
included between beams and arch channels were i6 / o // x 5 / I2 // , 
and the slab of concrete in both cases was thick, including a 
half-inch top finish of concrete, of i part cement and 3 parts sand. 
The remaining part of the slab being 1 part Portland cement, 1 part 
sand and 5 parts cinders. 

New York, December 27, 1894. 

The Expanded Metae Fireprooe Construction Company, 
New York. 

Gentlemen: In accordance with your request “to make such 
tests as would in your estimation fully satisfy all the requirements 
of the Building Committee of this city, and to suggest such limits 
of spans of floor beams and distances center to center of arched 
channels as will best exhibit the efficiency of our system of construc¬ 
tion,” we give the following results of our tests and our conclusions 
from them : 

In each case the slabs (as we call the three-inch concrete and 
metal construction between the haunch at floor beams and edges of 
channel ribs) was loaded in the center by first placing a wooden 
block 12" x 12" and 3" thick on the slab, and upon this the weight 
was piled and the effects noted. 

The final weight imposed on the block was 3,993 pounds, at the 
Salvation Army Building, this was placed by increments of about 
500 pounds each, until the final load was imposed. No settlement 
or deflection was noted, although when the pile contained about 
3,800 pounds it tumbled over and jarred the slab ; also after the full 
load was imposed a pig of iron weighing 58 pounds was dropped 
close to the weight, at a height of 16 feet; no deflection was noted 
after this. A part of the load was then taken off and two days 
afterward it was again piled on under the same circumstances and 
no deflection was noted at this time. The arch or slab is without 
damage due to the experiments, save that where the pig struck 
there is a dent in the top dressing. 
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This is a view of system No. 5 with different treatment as to 
finish of beam or wall line divisions, showing also longitudinal 
section of same. This can be varied to suit taste of the architect. 
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The age of the slab at this time was fourteen days, as it had been 
protected from the frost by a layer of sand some four inches deep 
for four or five days after building. The strength at this time, that 
is, the time of testing, could not have been over one-third of ulti¬ 
mate. Accepting this as a fact, we believe that the floor will safely 
support about 600 pounds uniformly-distributed load per square foot. 

As to the experiments on the 94th-street building we have been 
imposing loads at intervals of about 3 days, until we finally imposed 
8,039 pounds on block 12 " x 12 ", as in Salvation Army Building 
test. As this arch or slab is 6 months old we calculate that it must 
have about four-fifths of its ultimate strength. 

We believe that you may safely say to the Building Committee 
that your system, at an age of fourteen days, on spans of floor beams 
16 foot centers and channel ribs five feet centers, will safely support 
the loads they require for theaters ; and that with a month the 
strength developed will be equal to not less than 200 pounds uniform 
with a factor of safety of four. Yours truly, 

E. K. Pedrick & Co. 

A ST. LOUIS TEST. 

The following report upon a physical test was made to the St. 
Louis Iron, Wire and Expanded Metal Co.: 

Washington University, 

Department of Physical Tests. 

ST. Louis, Mo., November 25, 1893. 

B. C. Keeper, City. 

Dear Sir : I have tested the two slabs of cement concrete sent 
me by you. These slabs were one month old, one being plain con¬ 
crete, and the other having an Expanded-Metal bottom. They were 
both 2^" thick and 12" wide, and rested on supports 22" apart. 
They were loaded at the center line, across the entire face, and theli 
breaking load and deflection determined. 

SPAB WITHOUT EXPANDED METAP. 

Breaking load at center, - 116 lbs. 

Deflection at center, - Zero 

Strength per square inch, on tension side, - 51 lbs. 

Strength of slab 4' long if wide, to carry a distributed 
load, would be 105 pounds, or 26 pounds per square 
foot on a 4 ' span when one month old. 
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SlyAB WITH EXPANDED METAE BASE. 

Breaking load at center, - 1158 lbs. 

Deflection at center,.0.44 lbs. 

Strength per square inch in tension at bottom, 453 lbs. 

Strength of slab long if wide, to carry a distributed 
load, would be 1025 pounds, or 256 pounds per 
square foot. 

That is to say, from these tests, the ultimate strength of a floor 
without the Expanded Metal, on a four foot span, when one month 
old would be but 26 pounds per square foot, while the ultimate 
strength of the floor with Expanded-Metal base would be 256 pounds 
per square foot or about ten times as much. These figures apply to 
flat slabs 2]/ z ' f thick and on a 4 / span. Yours very truly, 

J. B. Johnson, Prof. Civ. Eng. 

TESTED BY REPEATED BLOWS. 

In the latter part of 1894 the well-known firm of Purdy & Hen¬ 
derson, Civil Engineers in Chicago, made a drop-weight test to 
destruction of slab of floor construction of S / x i6 / size, supported 
in the usual manner. The weight used was 1,200 pounds, and was 
dropped 14 feet four successive times upon the slab. It was then 
given nine additional drops from an elevation of 15 feet before total 
destruction was announced. 

This is cited to show that because of the peculiar construction 
of our floor systems such a thing as total destruction under anything 
like ordinary conditions is well nigh impossible. 

This test, in connection with another referred to elsewhere as 
occurring at St. Joseph, Mich., will warrant the statement that no 
such thing as the breaking down of a floor in such a manner as to 
harm life or property could possibly occur, except under circum¬ 
stances extremely improbable. 

A No. 1 IN EVERY RESPECT. 

The following letter is self explanatory: 

Jas. B. Haines, Jas. B. Haines, Jr., T. H. Hartle . 

JAS. B. HAINES & SONS, 

Importers and Jobbers of Dry Goods, Notions, etc., 

PiTTvSBURGH, Pa., Jan. 4, 1890. 

Centrae Expanded Metae Co., City. 

Gentlemen : We desire to express our entire satisfaction with 
your floors and other fireproof work recently finished in our new 
eight-story building, located corner Liberty and 10th Streets. 
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• The Golding System of Concrete Floors and Roof which was 
used, and guaranteed by you to carry a load of five hundred (500) 
pounds per square foot, we found upon tests made of same, under 
supervision of our Architect, (when the floors were under thirty 
days old,) to carry fourteen hundred (1400) pounds, moving load, 
without any deflection whatever. 

These floors with your system of enclosing the elevator shafts 
and solid partitions has given us a building which we consider 
A No. 1 in every respect. 

That we have a first-class fire-proof building is evidenced by the 
fact that the underwriters have given us the lowest rates of insur¬ 
ance ever made by that board on a business building in Pittsburgh, 
viz.: on building 35c., and on stock45c. Yours truly, 

J. B. Haines, Jr. 

EXCEEDED ARCHITECT’S EXPECTATIONS. 

The following letter from a prominent firm of architects in Chi¬ 
cago is self explanatory, with the added remark that they used 
14,000 square feet of system No. 1 in the residence referred to : 

Beers, Clay & Dutton, 

Architects, 

No. 218 LaSalle Street. CHICAGO, February 15, 1895. 

To Whom It May Concern : Having an order for a fire-proof 
residence we devoted considerable time in considering the best fire¬ 
proof construction. 

Taking into consideration weight and strength, and after having 
carefully inspected various fire-proof floors, we adopted the one 
constructed by the Expanded Metal Fireproofing Company, and 
its merit has exceeded our expectations. We find it very strong, 
sustaining heavy loads: the concrete being but 1 >2"-thick. We 
nailed our floor strips to this material as if it were of wood. One 
span between center of beams was 9' 5". 

We take pleasure in recommending this kind of fireproof con¬ 
struction for floors. We can assure any party entering into contract 
with this Company for their floor constructions, that said contract 
will be executed to the satisfaction of architects and owners. 

Beers, Clay & Dutton. 

LIGHT, STRONG AND CHEAP. 

The Expanded Metal Fireproofing Co., of Chicago, placed 20,000 
square feet of floors on System No. 1 in the County Court House at 
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Monmouth, Ill., and upon the completion of the work received the 
following letter from the architect : 

Chicago, February 15, 1895. 
Expanded Metar Fireproofing Co., 

Chicago, Ill. 

Gentlemen : In reply to your inquiry would say that I am con¬ 
vinced that your floor construction has all the advantages claimed 
for it, and that it is lighter, stronger and cheaper than hollow-tile 
floors. 

I found that the floors in the Monmouth Court House stood all 
the tests perfectly, and that even with an arch i\' o /; in length, 
loaded with 5000 pounds in the center, did not show any percept¬ 
ible deflection, and no effect from the thrust could be detected. 

I am now drawing plans for several fire-proof buildings and 
intend to use your system of fireproofing exclusively. 

Yours truly, Oriver W. Marbre. 

ARCHITECT AND OWNER BOTH SATISFIED. 

One of the first contracts of special importance for the use of 
our concrete-floor and solid-partition systems of construction ^Cvas 
in the St. Nicholas Hotel of St. Louis. Some time after the com¬ 
pletion the architect, C. K. Ramsay, Esq., received an inquiry for 
his judgment upon the system. Following is his reply : 

St. Louis, Mo., February 17, 1894. 
Mr. J. C. Horrand, Architect, 

Topeka, Kan. 

Dear Sir : Yours of the 14th inst. is at hand and noted. 

In regard to the fireproofing as proposed by the St. Louis 
Expanded Metal Co. I have to say, I adopted it in the new St. Nicho¬ 
las Hotel Building in this city, and am well pleased with the results. 
This job was the first one they constructed and they had to learn 
something in regard to construction, but got along with everything 
in the best manner. The floor arch they use is light, and at the 
same time is very strong. The combination which they use of 
Expanded Metal and concrete makes the best floor arch for all 
purposes that I have yet seen, and I have had a large experience in 
fire-proof construction. One of the best points in this arch is the 
ease with which holes can be cut through the arch at any point for the 
passage of pipes for heating, plumbing and gas service. A hole can 
be be cut just the size wanted for the pipes and no more, without 
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disturbing the arch in any way, or weakening it. This cannot be 
done with the hollow-tile arch, where an entire tile has to be 
removed, and in many cases this disturbs several other tiles. 

I think the suspended metal ceiling used with this form of arch 
is a good thing also, as it will, I am certain, make a much better 
ceiling than plastering directly on the lower side of the tile arch, as 
is usual in the old method. Very respectfully, 

Chas. K. Ramsay. 

In reply to a letter of inquiry by the constructing company the 
owner wrote as follows : 

St. Louis, Mo., March 17, 1894. 
ST. Louis Iron, Wire and Expanded Metae Co., 

1819 Pine Street, St. Louis, Mo. 

Gentlemen : In reply to your inquiry of recent date I beg to say 
that I am much pleased with the system of fireproofing you have 
put in the St. Nicholas Hotel in this city for the Ames Estate. Not 
only was it less expensive than hollow tile, but it saved more than 
two thousand tons in weight as compared with that system ; besides 
it decreases the weight and cost of the steel construction. In fire¬ 
proof qualities I consider it even better than hollow tile. The 
floors are strong, and the partitions throughout the entire building 
are only 1 y 2 ' r thick, so that while they are fire-proof, they also give 
us rooms, bath-rooms and closets considerably larger each way than 
would have been possible with hollow tile. This latter is a very- 
important matter in a building for such uses, aud I do not see how 
anyone intending to erect a modern first-class building could con¬ 
template the use of any other system of fireproofing than yours. 

It affords me pleasure to testify to the excellent character of 
you*" work, and its satisfactory results. Yours truly, 

Edgar AmEvS Estate. 

By Edgar Ames. 

ABSOLUTELY FIRE-PROOF APARTMENTS. 

The ability of a landlord to furnish his tenants with fire-proof 
apartments is not all that is desirable in the building of the modern 
city hotel or flat structure. There are other advantages to be gained 
among them and a very-important one being that of sanitation. 
To accomplish the sanitary and fire-proof qualities, with a maxi¬ 
mum of room for the occupant, would appear to be the climax. 
Such a structure was erected at 9oth-street aud Madison avenue, 
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New York, last year. The Expanded-Metal system of flooring 
shown in this book as No. i, was adopted and used throughout. 
In all rooms, except kitchens and bathrooms, suspended ceilings 
were used, while in those a hard finish of plaster was made upon 
the under side of the cement floor itself, thus giving additional 
height to these rooms. 

Solid partitions built with hard mortar were used throughout 
and in these the very limit of economy in space was accomplished. 
As referred to elsewhere the gain thereby was equivalent to in 
room, in the 14 suites of rooms in the seven-story structure. This 
gain, which was distributed through each of the rooms, was equiva¬ 
lent to 60 square feet per suite—a very-respectable extra room. 

The solid-cement floors and walls prevent the hiding or bur¬ 
rowing of any form of vermin, and the monolithic idea prevails 
throughout. 

The owner expressed his opinion on the subject in the following 
letter : 

New York, October 3, 1895. 
Expanded Metae Fire-proof Construction Co., 

City. 

Gentlemen : I take pleasure in commending your work just 
finished in my seven-story apartment house at 90th Street and Mad¬ 
ison avenue. \ consider your system of fire-proof floors, walls and 
shafts to be the neatest and best, all things considered, that I have 
seen in this city. The great economy of space accomplished ena¬ 
bles me to give the maximum room to my tenants, besides affording 
them absolutely fire-proof apartments, with all possible sanitary 
advantages. These advantages, together with financial economy 
secured, warrant me in saying I shall certainly use your system in 
future buildings. Yours ve^ truly, Wm. C. G. Wieson. 

CARRYING PRINTING PRESSES. 

During the summer of 1895 the St. Louis Company executed a 
$15,000 contract of floors, ceilings and partitions in San Antonio, 
Texas, for the use of The Daily Express of that city. The Golding 
system of floors was used at 15-foot spans of beams. A month after 
the floors were laid and before the roof was on, rainy weather set in 
for a week, making pools of water which failed to go through or 
harm the floor. The following letter from ]\fr. Frank Grice, Esq., 
the owner of the building, expresses his opinion of the work : 
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San Antonio, Tex., January 13, 1896. 
Mr. D. E. Garrison, Jr., 

Sec’y St. Louis Iron and Expanded Metal Co., 

St. Louis, Mo. 

Dear Sir : It affords me pleasure to publicly acknowledge my 
great satisfaction with the fireproofing and iron and steel work of 
your company employed in the construction of my new building 
for the San Antonio Daily Express. Its great strength is well 
attested by the heavy machinery in operation upon its floors ; it 
affords a great saving in the height of ceiling and particularly in 
floor space, its sanitary advantages over the ordinary form of con¬ 
struction are of inestimable value, and its fire-proof qualities could 
not well be .surpassed. So far, therefore, I could not well be better 
pleased with the construction. Very truly yours, 

Frank Grice. 

FIRST IMPRESSION CONFIRMED. 

After a sharp competition on methods and economy of construc¬ 
tion our St. Louis associate company secured the contract in the 
fall of 1895 for the iron and fireproofing in Public School Library of 
Kansas City, Mo. The following letter from the architect tells its 
own sto^: 

W. F. I-Iackney & Ciias. A. Smith, 

Architects, 

Room 34, Beales Building 

Kansas City, Mo., January 21, 1896. 

St. Louis Iron, Wire and Expanded Metae Co., 

St. Louis, Mo. 

Gentlemen : After a careful examination we decided to use your 
fire-proof construction in the Library Building of this city, not only 
because of the cheaper construction of the steel frame work, but 
because we believe you have the best form of ground work for fire¬ 
proof construction now known. The work so far as now in place 
conforms to our first impressions. Yours truly, 

W. F. Hackney, 

Architect Board of Education. 

A most tangible argument in favor of the use of our system of ' 
fireproofing is the ra^e of insurance it secures. The letter of Mr. J. 
B. Haines, of Pittsburg, in this book, tells the story. He got the 
lowest rate of the class ever made in that city. 
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FLOORS CONSTRUCTED. 


Following is a partial list of our principal contracts for flooring, 
including those completed and others now in process of erection. 
These include all our various systems of construction, and the 
letters herewith show what measure of satisfaction our work has 
given : 


Building. Place. Sq. Feet. 

New Century Building, St. Louis, 250,000 

Stock Exchange, Chicago, 17,000 

Marlboro’ Hotel, Boston, 63,000 

Haines Building, Pittsburgh, 42,000 

Residence, R. F. Cutting, New York, 24,000 

Residence, W. H. Reid, Chicago, 18,000 

St. Nicholas Hotel, St. Louis, 75,000 

Temple Court Apart. New York, 26,000 

House, 

McCoy Hall, Johns Hop- Baltimore, 3,500 

kins University, 

Bell Telephone Building, Salt Lake City, 32,000 

Jasper Co. Court House, Carthage, Mo. 30,000 

Wise Co. Court House, Decatur, Tex. 25,000 

Ellis Co. Court House, Waxahachie,Tex. 20,000 

Court House, St. Joseph, Mich. 32,000 

Court House, English, Ind. 13,000 

Court House, Pittsfield, Ill. 18,000 


Court House, Monmouth, Ill. 22,000 

Daily Express Building, San Antonio, Tex. 40,000 
New South Building, NewOrleans, 20,000 

Loan Association, 


N.E.Telephone Bldg. Boston, 8,000 

N.E.Telephone Bldg. Worcester,Mass. 12,000 

Waterworks Building, Waltham,Mass. 2,000 

Proctor’s Pleasure Palace,New York, 8,000 

Public School Library, Kansas City, 35,000 

Bright & Lerch Building, Reading, Pa. 13,000 

City Hall and M’rk’t H’se, Norristown, Pa. 2,000 

Wasli’g’n Safe Depo’t Co. Washington,D.C. 5,000 


Architect. 

Raeder, Coffin 
& Crocker. 
Adler&Sullivan 
W. T. Sears. 
Chas. Bickell. 
Ernest Flagg. 
Beers, Clay & 
Dutton. 

Adler&Sul livan 
Edward Wenz. 

Baldwin & Pen¬ 
nington. 
Rich. Kletting 
M. A.OrloppJr. 
J. Riley Gordon. 
J. Riley Gordon. 
Bell & Kent. 

O. W. Marble. 
Henry Elliot. 
O. W. Marble. 
A. F. Beckmann 
Shepley, Rutan 
& Coolidge. 
F.W. Weston. 
F.W. Weston. 
L.C. Abbott. 

J. B. McElfat. 

rick & Son. 
W. F. Hackney 
&C.A.Smith, 
Muhlenberg 
Brothers. 

T. P. Lonsdale. 
Glenn Brown, 




32 


EXPANDED METAL 


A RESERVOIR ROOF. 

During the fall of 1893 a cement roof, on the plan of our System 
No. 1, was built over the reservoir of the Rockford, Ill., Water 
Works. This reservoir is 156 feet long by 68 feet wide. The 7-inch 
channel-iron arches were placed at 7-foot centers. They were an¬ 
chored in the masonry side walls, and at the center were 11 feet 
above the outer wall level. The concrete on the channel arches 
was 12 inches thick at the top and 54 inches thick at the extreme 
outer ends. False centering was placed in position on the line of 
the top of these concrete and steel arches and then a flooring or 
slab of Expanded Metal and concrete was built to a thickness of 
2 inches, the formula of 1 part cement, 2 parts sand and 5 parts fine 
gravel being followed. Upon this ]/ 2 inch of cement and sand as a 
finish coat was then placed. The under, or exposed, side of the 
steel channels was wrapped with Expanded Metal lath and plastered 
with cement mortar, so that the whole roof structure was a monolith 
of steel and concrete. 

In closing a lengthy illustrated article on the subject of this res¬ 
ervoir The Engineering News of February 22, 1894, says : 

“ For lightness of construction the Rockford roof may be com¬ 
pared with the tile roof at Waltham, Mass., the former having a 
span of about 56 feet, a thickness of 2 inches at the crown, but re¬ 
inforced by 12-inch concrete ribs, while the latter has a dome with 
a clear span of about 42 feet and a thickness of 3 inches at the crown, 
but entirely without reinforcement. 

“The thrust of the Rockford roof is taken up, in part, by tie 
rods, while at Waltham the reservoir extends outside the circular 
part, affording what are practically buttresses to take up the thrust. 

“ The relative costs of the two roofs were approximately 23^ cts. 
at Rockford and $1.38 at Waltham per square foot of surface cov* 
ered. While the two roofs may not be strictly comparable, there 
remains, after making liberal allowances, a large balance in favor 
of the concrete roof. ’ ’ 

An excellent illustration of the merits of concrete in comparison 
with stone was furnished in the great fire which destroyed the 
World’s Fair Buildings in Chicago. In Machinery Hall there were 
a score or more of engine foundations built up several feet above 
the floor level. A part of them were of concrete and others of 
various kinds of stone. The stone foundations were entirely de¬ 
stroyed by the fire, while those of concrete were scarcely harmed. 
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SUSPENDED CEIEINGrS. 


The desirability of suspended ceilings, considered from any 
standpoint, is unquestioned. As may be understood by a glance at 
the illustrations, they are necessary under most of our systems 
where flat-ceiling effect is desired. Very simple methods are em¬ 
ployed to construct with entire satisfaction. Furring bars of angle 
or channel iron or gas pipe, at proper distances, are secured by iron 
clamps to the beams, and to these the lathing is laced with No. 18 
annealed wire. Where plastered, these ceilings have a total weight, 
including furring lath and plaster, of not more than ten pounds per 
square foot. The fire-resisting qualities of this construction are so 
thorough and so well known that extended comment is unnecessary. 
As will be seen by reference to the illustrations of the various floors 
these ceilings can be hung at any desired level. That is, they may 
be flush with the beams or they may be dropped any desired dis¬ 
tance to accommodate heating pipes, vent pipes or electric wires. 
The extension of these ceilings may be carried to side walls, in 
coves of any desired degree, and artistic effects may be accom¬ 
plished thereby. The development in this class of work led to the 
erection of false work in the way of domes, arched halls and 
alcoves referred to elsewhere in this book. The amount of this 
class of work alone performed by our several companies amounts 
to millions of feet annually. 

The following test of the fire-resisting qualities of a ceiling made 
with Expanded Metal and plaster was conducted by Messrs. Purdy 
& Henderson, engineers, of Chicago. A brick oven 4/ o /7 square 
was built and a section of the Golding floor, System No. i, was con¬ 
structed on the top, the suspended ceiling forming the top of the 
oven. 

The fuel used was dry pine slabs and the fire was forced for 2V2 
hours to the highest-possible temperature, which exceeded i9oo q 
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Fahrenheit, below the plaster, while in the confined space between 
the ceiling and floor a temperature of but little more than 6oo° 
Fahrenheit was attained. 


FIRE TEST, AUGUST 18, 1894. 

Fire .started, i:4op. m. 

At 2:00 o’clock— Antimony was found melted. 

2:05 “ Silver quarter was gone — probably melted. Half 

dollar put in, to make certain. 

2:10 “ Half dollar was found not to be melted, but evi¬ 

dently on point of melting. Badly bent. 

2:15 “ Half dollar melted. 

2:30 “ About two squre feet of outer coat of plaster fell off. 

2:30 “ Antimony put in above suspended ceiling. 

3:15 “ Fuel all used and fire began to go down ; lead 

melted above ceiling ; sheet zinc melted above 
ceiling when suspended directly over hole 
through same; antimony would not melt above 
ceiling. 


The following are the melting points for the metals used in de¬ 
termining temperatures : 

Lead, - - - 6r2° Fahr. Antimony, 955 0 Falir. 

Zinc, - - - 726° “ Silver coin, 1900° “ 


FIRE-PROOF STORAGE VAULTS. 


A very desirable use for our solid partition construction has been 
made in several instances in the building of large safes or storage 
rooms in non-fireproof buildings. One was erected some years ago 
in St. Louis, in an Architect’s office, about six feet square, for the 
protection of a large collection of drawings and prints. The entire 
ceiling was finished in the same manner, and even the door built of 
metal frame and hard plaster. This idea might be carried to the 
erection of small storage vaults for the patterns in machine shops 
and other places not protected well by fire-proof surroundings. In 
this connection it might be mentioned that a recent publication 
tells of the building of a portable safe in Germany, the construction 
being nothing more or less than metal frame and cement work. It 
stood a remarkable test of fire without damage to contents. 
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SOLID PARTITIONS. 


The solid partition is no longer new to either architect or builder 
anywhere in the United States. Nevertheless its peculiar and special 
merits must be called attention to herein. This class of partition 
was an outgrowth of Expanded Metal. In fact it was an evolution 
in the process of developing the manifold uses of our excellent 
lathing material. It was first constructed in Chicago In 1891 and a 
very-broad and complete patent was issued to John F. Golding 011 
the same. A description of this solid partition, as it is now being 
constructed throughout the United States, need be but very brief. 
Any one of the several illustrations herewith will enable any person 
to comprehend the details. Upright studs of Y ff or )/§" x Y%" 
channel steel are first put in position, being securely fastened top 
and bottom, by screws, nails or iron clamps, as occasion may war¬ 
rant. These are placed on I2 7/ centers, if the height of the ceilings 
be io / o // or more. For ceilings of less than io' o", centers of i6 // 
are quite sufficient. To these studs, set true and straight, the 
Expanded Metal lath is firmly secured by tying on the several 
.sheets with No. 18 or 20 soft wire. This tying process should be 
carefully done. 

The mortar for solid partitions should always be of so called 
“hard” or “ patent plaster, ” which sets like cement or calcined 
plaster, by crystallization; as common mortar of that thickness would 
be far too long in drying and will never gain the solid stiffness desired 
in the wall. These partitions are nominally \]/ z " thick, but are 
sometimes made 2 " for long stretches or high ceilings. The fasten¬ 
ings at top and bottom of the channel studs vary with almost every 
instance of work. It is .sufficient to say that it is always possible to 
make them entirely secure, whether by steel clamps to beams over¬ 
head, and by screws or nails to concrete or other floors beneath, and 
when the lath and plaster have been applied the labor of destruction 
will be far in excess of that required to put the walls securely in place. 
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SPECIAL MERITS OF THESE WALLS. 

It seems almost useless to expatiate on the peculiar merits of 
this form of partition. It has all the desired advantages of a divis¬ 
ion wall, and occupies the least-possible space for such a purpose. 
It is certainly vermin proof, sound-proof, and, above all, fire-proof. 
In lightness of weight it is all that could be asked for, weighing less 
than 15 pounds per square foot complete, including metal and plas¬ 
ter. I11 strength it may be said to be the very acme of perfection. 
The steel and plaster form a monolithic slab which will withstand 
a pressure or thrust that would break down a brick or block parti¬ 
tion of several times the thickness and many times the weight. 
There is no possibility of shrinkage or the falling off or cracking of 
plaster. In apartment houses or office buildings where the basis of 
rental is reckoned on the square feet of available space the economy 
accomplished by 2" partitions against 6" partitions is no inconsider¬ 
able matter. A seven-story apartment house was built in New York 
City during the past year where these partitions were used, and the 
gain in room space accomplished amounted to 7% in comparison 
with the usual wood studs and lath. 

This increase of space at the rental price of the apartments is 
worth close to $50 per year, while the extra cost to the owner was 
just $100 per suite of rooms. This makes the money invested in 
solid partitions the most-profitable feature of a building, to say 
nothing of the sanitary and fire-proof features of the work. The 
strongest-possible argument for this class of work is that during the 
year 1895 more than 300,000 yards have been constructed by the 
various Expanded Metal Companies in the leading cities of the 
country. 

One of the most-superb pieces of architecture now in process of 
erection in New York City is the home of the New York Athletic 
Club, at 59th Street and Sixth Avenue, facing on Central Park. 
This Club represents the very-front rank in athletics in the United 
States, and a nine story club house is being erected for them that 
will be a notable feature In the metropolis. The architect for this 
temple of sports is Mr. W. A. Cable. He was one of the associate 
architects in the erection of the 9th Regiment Armory in New York, 
and was so well satisfied with Expanded Metal .solid partitions 
there, that he specified them for use throughout the sleeping rooms 
of this new home of athletics. 
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DOOR AND WINDOW FRAMING. 


The question of door and window framing was at first looked upon 
as a serious one in connection with such thin walls, but it was soon 

demonstrated that it was quite 
possible to secure firm work. 
The usual method has been to 
set up wood door frames to 
which the adjoining channel 
steel is securely fastened by 
screws or anchor nails, and in 
most cases this method is quite 
satisfactory. A more expensive 
method is sometimes used in 
warehouses where there is heavy 
trucking, or when the door is to be 
of iron, or other heavy material. 
In this the door frame is built 
of i y 2 " x i]/y" angle iron, and 
the first stud of the partition is 
riveted to the frame. This 
method is also adopted in doors 
for elevator shafts and large 
dumb waiters. In extremely - 
large doorways and on freight 
elevators it is often a practice to 
make these frames of heavy 2 " 
channel iron, to which are hung large fire-proof doors. This structure 
has been pronounced as satisfactory by the most-exacting experts. 
Several illustrations are shown herewith, giving various methods 



fig. 5. 
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FIG. II. 


of trim for door and 
transom openings. One 
of these (fig. 7) shows 
the method adopted 
when angle-iron fram¬ 
ing is used. Figure 5 
shows the details com¬ 
plete with an angle-iron 
door frame with tran¬ 
som. Figure 6 .shows 
the style of trim adopted 
for use in corridor par¬ 
titions where sliding 
windows are necessary, 
it being requisite to 
build of sufficient size 
to hold the sash weights. 
Other details may be de¬ 
vised to suit the judg¬ 
ment or taste of the 
architect, but these 
shown are sufficient to 
illustrate possibilities. 

The use of our system 
No. 4 was made in Proc¬ 
tor’s Pleasure Palace, 
58th St. and Third Ave., 
New York, by J. B. Mc- 
Elfatrick & Co., in the 
corridors of this theater, 
About 7000 square feet of 
this flooring was laid 
without suspended ceil¬ 
ings, the projecting X 
beams being neatly 
painted. In this case the 
risk of fire was light, the 
object being a sanatory 
floor with the least pos¬ 
sible space occupied. 
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SPECIFICATIONS FOR SOLID PARTITIONS. 

The following specifications for solid partitions are standard and 
may be relied upon by architects as requisite to secure good work : 

STUDDING. 

The studding shall consist of or y%" steel channels set I2 /7 
to i6 // center to center securely fastened at top and bottom by heavy 
staples, clamp or toggle bolts as the ca.se may require, care being 
taken to have the studs set perfectly plumb and true to line. 

Where floors are of wood the studs are to have a 2" shoe turned 
on the lower end and be stapled to the floor and ceiling joist with 
2" square staples. 

Where floors are of tile a floor strip should be laid in line with 
partitions and the upper ends of studs should project into the soffit 
of the tile arch above and be stapled into the side of the floor strip 
below. All rough door and window frames to be securely held in 
place by the iron studding. 

UATHING. 

The lath shall be Expanded Metal lath, firmly wired to the 
channel iron studs with No. 18 annealed lacing wire, each sheet of 
metal being wired at least 4 times to each stud with ends of sheets 
properly lapped and laced together. One side only of studs to be 
lathed. 


COMMENDATION FROM HIGH AUTHORITY. 

The following is an extract from special circular No. 52, issued 
June 20, 1894, by the Hon. Edward Atkinson, President of the 
Boston Manufacturers’ Mutual Fire Insurance Co. The circular 
referred to is one of a series issued from time to time by Mr. Atkin¬ 
son, as special instructions to his agents, to acquaint them with all 
that is best in building operations. He says : 

‘ ‘ Where partitions are required of a more-effective kind than 
wood or plank, protected by fire-retardents, which yet must be 
light enough in weight to be borne by the ordinary beams of any 
factory without additional posts for support, attention may be called 
to partitions made of light steel frames holding what is known as 
Expanded Metal, plastered and finished on both sides so as to en¬ 
close both the steel frame and the Expanded Metal in the middle 
of the vertical section. The claims made for this kind of partition, 
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which appear to be well grounded, are that it will resist a very hot 
fire for a long period without material injury, and that it is light 
and strong. 

SAVED FROM A SERIOUS FIRE. 

Among the noted real estate owners of Boston is Albert Geiger, 
Esq. He is the owner of the two magnificent apartment hotels 
(“ Belvoir ” and “ Westgate ”) in that city, and in these our system 
of solid partitions was introduced. The floor construction was of 
wood beams, lathed on the ceilings with Expanded Metal. Con¬ 
cerning the merits of our system we quote the following letter : 

Boston, Mass., Sept. 18, 1895. 

Geo. P. Bueeard, Esq , Gen. Mgr. Eastern Expanded Metal Co., 

Boston, Mass. 

Dear Sir : I feel that I cannot write too strongly in favor of Ex¬ 
panded Metal latli and Expanded Metal solid plaster partitions. I 
used your system throughout my new apartment hotels—the “ Bel¬ 
voir ” and *• Westgate.” As you know there was a serious fire in 
the “ Belvoir ” just as the building was nearing completion. This 
fire was in the nighttime and had been burning at least two hours 
when discovered. I am fully convinced that had it not been for 
the solid partitions and ceilings on Expanded Metal the building 
would have been totally destroyed. I am now contemplating lar¬ 
ger projects in apartment building than any I have yet attempted, 
and should not think of using any other lath than Expanded Metal 
or any other system of fire-proof partition construction than yours. 

Yours respectfully, 

Aebert Geiger. 

THE BEST FORM DEVISED. 

The Expanded Metal system of solid partitions has gained great 
favor in New England, notably in Boston. We quote the following 
letter from one of the leading firms of architects of that city. 

Boston, Mass., Sept. 19, 1895. 

GEO. P. Bueeard, Esq., Gen. Mgr. Eastern Expanded Metal Co., 

Boston, Mass. 

Dear Sir : We used the solid plaster partitions built of Expanded 
Metal lathing and steel channels all through the Carter Build¬ 
ing, corner of Water and Washington streets, in this city, and we 
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believe it was the first building in this vicinity in which such con¬ 
struction was employed. We have since then used the same kind 
of partitions throughout the new Tremont Temple in this city, now 
nearly completed, and have specified their use in the Syndicate 
Building, Lowell, and for several other structures for which we 
have prepared plans. 

Before adopting this construction we looked into it very thor¬ 
oughly and are convinced that the ij4 // solid plaster partitions 
formed with the use of Expanded Metal lathing are absolutely 
fire- and vermin-proof and are practically sound-pro£>f, and, in our 
judgment they represent the very last word in the construction of 
fire-proof partitions and are the best form devised up to this time. 

Yours very truly, 

Bpackalp & Nkwton. 

WORK ACCOMPLISHED. 


The following is a partial list of the more important contracts 
accomplished in the erection of solid partitions, ceilings and orna¬ 
mental work, during the last two years : 


Building. 

Carnegie Library, 

Masonic Temple, 
Medinah Temple, 
Tremont Temple, 
Haddon Hall, 
Masonic Temple, 
New Century Bldg., 


Place. Sq. Yards. 

Pittsburgh, 10,000 

Chicago, 7,000 

Chicago, 15,000 

Boston, 20,060 

Boston, 5,000 

Baltimore, 3,000 

St. Louis, 50,000 

9,000 
5,000 

4,800 
2,500 
4,000 
3,000 
6,000 
5,ooo 
12,000 
3,000 


Architects. 

Longfellow, Alden 
& Plarlow. 
Burnham & Root. 
Beers, Clay& Dutton. 
Blackall & Newton. 
J. P. Putnam. 

J. Evans Sperry. 
Raeder, Coffin & 
Crocker. 

C. K. Ramsay. 
McKim, Mead & 

White. 

J. D. Allen. 

T. M. Clark. 

Willard T. Sears. 

D. H.Burnham & Co. 
H. Strack. 

E. M. Maynard. 
Adler & Sullivan. 
Parish & Scliroeder. 


Union Trust Building, St. Louis, 
New York Life Ins. New York, 
Building, 

Casino Building, Pittsburgh, 

Devonshire Building, Boston, 

El dredge Building, Boston, 
Davidson’s Theater, Milwaukee, 
Fabst Theater, Milwaukee, 

Castle Square Theater, Boston, 
Schiller Theater, Chicago, 
New Y.M.C.A. Bldg., New York, 
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Building. Place. Sq. Yards. 

Hay market Theater, Chicago, 6,000 

Steinway Hall, Chicago. 4,000 

Ninth Regt. Armory, New York, 4,000 


N.E.Telephone Bldg., Worcester,Mass.5,000 
Medfield Insane Asy- Medfield, Mass..7,000 
lum, 


Union Station, 

St. Louis, 

3,000 

New City Hall, 

St. Louis, 

2,000 

Constable Building, 

New York, 

5,ooo 

Wainwright Building, 

St. Louis, 

2,000 

Worthington Bldg., 

Boston, 

2,000 

Slocumb Building, 

Woonsocket, 
R. I., 

1,200 

New-England Bldg., 

Cleveland, 

2,100 

Mohawk Building, 

Cleveland, 

1,000 

Heeren Building, 

Pittsburgh, 

3,800 

Columbia Building, 

Buffalo, 

1,100 

Ellicott Square, 

Buffalo, 

3>5°° 

Aimes & Doepke Bldg.,Cincinnati, 

5,000 

Westinghouse Bldg., 

Wilmerding,Pa.6,ooo 

Jones Office Building, 

New York, 

7,000 

American Surety, 

New York, 

2,000 

Mary Patterson, 

St. Louis, 

4,000 

Houser Building, 

St. Louis, 

1,000 

Pyle Building, 

New York, 

4,000 

Buttenweiser, 

New York, 

4,000 

Haines Building, 

Pittsburgh, 

2,300 

Hussey Building, 

Pittsburgh, 

3,4oo 

M. E. Book House, 

Pittsburgh, 

4,500 

Clearing House, 

New York, 

2,500 

Lawyer’s Title Insur¬ 
ance Co., 

New York, 

2,500 

Simon Building, 

Pittsburgh, 

3,000 

Stock Exchange Bldg.,Chicago, 

8,000 

Union Trust Bldg., 

Detroit, 

8,000 

Tangolt Schmidt, 

Detroit, 

4,000 

Dexter Bldg., 

Chicago, 

8,000 

Major Block, 

Chicago, 

12,000 


Architects. 

Flanders & Zim¬ 
merman. 

D. H. Perkins. 

E. A. Sargent & 

W. A. Cable. 

F. W. Weston. 

H. Wentworth. 

Theo. C. Link. 

Geo. R. Mann. 

Wm. Schickel &Co. 
C. K. Ramsay. 
Felimer & Page. 
Forbusli & Hatha¬ 
way . 

Shepley, Rutan & 
Coolidge. 

C. F. Schweinfurth. 
Moesser & Bippns. 

J. S Rowe. 

D. H.Burnham & Co. 


Cleverdon & Putzel. 
Bruce Price. 

H. E. Roach &S011. 
C. K. Ramsay. 

Tlios. R. Jackson. 
Bruner & Tryon. 
Chas. Bickell. 

Edw. Statz. 

Chas. Bickell. 

R. W. Gibson. 

C. C. Haight. 

F. C. Sauer. 

Adler & Sullivan. 
Donaldson & Meiers. 
Donaldson & Meiers. 
L. M. Curry. 
Holabird & Roche. 
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Building. 

Reaper Block, 
Providence Building, 
Pittsburg City Farm’s 
Buildings, 

St. Joseph’s Convent, 
Legnard Building, 
Wollensak Building, 
Kent Building, 

State Safety Building, 
Ogden Building, 
Salvation Army Build¬ 
ing. 

Woman’s College, 
Public School Bldgs., 

Fourth Ward School, 
Grace Church, 

French Church, 
Cambridge Savings 
Bank, 

Seven Public School 
Buildings, 

Metropolitan Storage 
Warehouse, 

Daily Express Bldg., 

Storage Warehouse, 
Felix Marsden 
Warehouse, 

Henry Schroder Bldg., 
Belvoir Hotel, 
Westgate Hotel, 

New Planters’ Hotel, 
St. Nicholas Hotel, 
Scarborough Apart¬ 
ment House, 
Temple Court Apart¬ 
ment House, 
Majestic Hotel, 
Germania Nat’l Bank, 
Bank of Pittsburgh, 


Place. 

Sq. Yards. 

Chicago, 

10,000 

Duluth, 

15,000 

Marshalsea,Pa., 3,000 

St. Joseph, 0. 

, 20,000 

Chicago, 

8,000 

Chicago, 

2,000 

Chicago, 

2,000 

Chicago, 

10,000 

Chicago, 

12,000 

New York, 

4,500 

Cleveland, 

3,500 

St. Louis, 

7,000 

Pittsburgh, 

4,800 

Lowell, Mass. 

, 1,500 

Lowell, Mass. 

, 2,500 

Cambridge, 

1,000 

Mass., 


Boston, 

12,000 

Cambridge, 

5,000 

San Antonio, 

3,200 

Tex., 

Cambridge, 

4,000 

Chicago, 

2,5bo 

Chicago, 

3,000 

Boston, 

6,500 

Boston, 

3,5oo 

St. Louis, 

7,000 

St. Louis, 

8,000 

New York, 

4,000 

New York, 

7,000 

New York, 

5,ooo 

Pittsburgh, 

5,ooo 

Pittsburgh, 

2,000 


Architects. 

Holabird & Roche. 
Wagenstein&Bailey. 
Thos. Boyd. 

A. Druiding. 

S. N. Crower. 

Henry Harnard. 
Raeder, Coffin & 
Crocker. 

Holabird & Roche. 
Holabird & Roche. 
G. A. Schellinger. 

Coburn & Barnum. 
Kircliner & Kirch- 
ner. 

F. J. Osterling. 

Wm. Chester Chase. 
P. W. Ford. 

Eugene Harrington. 

E. W. Wheelwright. 
Fred. W. Pope. 

A. F. Beckman. 

Peabody & Stearns. 

F. B. Abbott. 

Treat & Toltz. 

A. H. Vinal. 

A. H. Vinal. 

Isaac S. Taylor. 
Adler & Sullivan. 


Edw. Wenz. 

Alfred Zucker. 
T. D. Evans. 
Geo. B. Post. 
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Building. 

Place. Sq. Yards. 

Architect. 

Tradesmen’s National Pittsburgh, 

2,500 

Chas. Bickell. 

Bank, 

Ellis County Court 
House, 

Waxahacliie, 

Tex., 

3,400 

J. Riley Gordon. 

Wise County Court 

Decatur, Tex., 

4,000 

J. Riley Gordon. 

House, 

Jasper County Court 

Carthage, Mo., 

5,400 

M. A. Orlopp, Jr. 

House, 

Dixmont Hospital, 

Pittsburgh, 

L5oo 

Tlios. Boyd. 

South Side Hospital, 

Pittsburgh, 

4,200 

T. I). Evans. 

Mercy Hospital, 

Pittsburgh, 

4,000 

T. D. Evans. 

A. T. & Santa Fe Hos- 

■ Topeka, Kas., 

5,4oo 

J. W. Perkins. 

pital, 

Cairo Apartment 
House, 

Washington, 

D. C, 

7,000 

T. F. Schneider. 

New Century Club 

Philadelphia, 

2,500 

Minerva Parker. 

•House, 

Penn. Institute for the Mt. Airy, Pa., 

6,000 

Wilson Bros. & Co. 

Deaf and Dumb, 

City Hall, 

Philadelphia, 

14,000 

W. B. Powell. 

Broad St. Station 
Penn. R. R., 

Philadelphia, 

5,000 

Furness, Evans & 
Co. 

Reading Terminal, 

Philadelphia, 

1,000 

Wilson Bros. & Co. 

P. & R. R. R. 

Odd Fellows Temple, 

Philadelphia, 

10,000 

Hazleliurst& Huckle 

Harrison Building, 

Philadelphia, 

2,000 

Cope & Stewardson. 

Franklin Building, 

Philadelphia, 

4,5oo 

Furness, Evans & Co. 

Watkins Building, 

Philadelphia, 

500 

A. W. Dilkes. 

Diocesan House, 

Philadelphia, 

3,600 

Bailey & Truscott. 

Robert H. Foederer, 

Philadelphia, 

4,000 

IIazleliurst& Huckle 

Residence, 

Nugent Home, 

Germantown, 

Pa. 

5,400 

J. F. Stuckert. 

M. M. Potts, residence, Wyebrooke, Pa. 6,500 

W. M. Potts. 

P'idelity Mutual Life 

Philadelphia, 

520 

F. S. Newman. 

Building, 

Marlboro Hotel, 

Boston, 

9,000 

W. T. Sears. 

Severn Apartment 

Baltimore, 

4,000 

C. E- Cassell. 


House, 
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ELEVATOR AND VENT SHAFTS. 

The peculiar merits of our solid partition construction found 
ready acceptance in the way of shaft building, for elevators, dumb¬ 
waiters, as ventilating, light and air shafts of all kinds. The space 
occupied in the walls of shaft building is always valuable and lienee 
the architect was quick to see the desirable features of a construc¬ 
tion for these purposes whose total thickness did not exceed two 
inches, and which yet had all the desired features of strength and 

fire-resisting qualities. 
This feature of our busi¬ 
ness has grown to im¬ 
mense proportions in the 
larger cities where light 
and vent shafts are built 
in all apartment build¬ 
ings for the complete 
ventilation and sanita¬ 
tion of a class of struc¬ 
tures which are the 
homes of many thou¬ 
sands of people. In 
practice the.se shafts are 
built with stiff angle iron 
framing for all corner 
lines and door openings ; 
in some cases still heavier 
channel shapes being 
used for the latter pur¬ 
pose. The intervening 
walls are of the usual 
construction of channel with the lath securely wired on, and 
the whole plastered in good style with some of the cements or hard 
mortars. These neat and strong walls will stand against the fury 
of a fire and the wear of years, and altogether are just the thing 
desired. 

Among the noteworthy homes on the Hudson river is one built 
during the year 1S95 for Mr. Ogden Mills, by McKim, Meade & 
White. Over 8,000 yards of Expanded Metal lath was used 011 the 
interior walls and ceilings. 
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HOLLOW PARTITIONS. 


use of 2 // ) 3 7/ or a/' steel channels as studding, placed at i6 /7 centers. 


We show in figure 13 a method of constructing a very-strong yet 
light partition for extremely-liigh ceilings. It is accomplished by the 

and braced with horizontal mem¬ 
bers between floor and ceiling as 
shown. The upright channels are 
fastened ' securely at top aud bot¬ 
tom to a flat channel bar placed 
along the line of partition. Heavy 
Expanded Metal lath is then laced 
to each side of the upright members, 
which, when plastered, leaves an 
air space within, the width of the 
channels used. This partition is 
often used in buildings where a 
very high ceiling is desired. It is 
equal in strength to a 13" brick 
wall, while not being over 15%" of 
the weight, and moreover is not so 
expensive. 

This style of construction has 
found great favor in*tlie West, no¬ 
tably in St. Louis, where it was 
adopted by Kirchner & Kirchner, 
architects of the public schools, FIG * J 3 

and under their supervision many-thousand feet have been con¬ 
structed in all the more-recently erected school buildings. In 
the new Planters’ Hotel of that city 45,000 square feet of these par¬ 
titions were used by Isaac Taylor, architect. I11 the same magnifi¬ 
cent hotel,costing nearly$2,000,000, there were used several thousand 
yards of our material in ornamental ceilings and furring. Other 
instances of this work, worthy of note, are the Mary Patterson 
Building, H. E. Roach & Son, architects, 30,000 square feet, and 
Mallinckrodt Building, Shepley, Rutan & Coolidge, architects, 
25,000 square feet. 
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BEAM AND COLUMN COVERING. 


The proper covering of beams, girders and columns ready for 
plaster, is usually a very simple matter, but frequently quite diffi¬ 
cult problems are presented. The methods to be adopted vary with 
almost every instance presented. In many cases the furring is of 
wood and is put in place by the carpenter on the job, leaving it 
ready for stapling lath in position. This practice is however forbid¬ 
den in fire-proof construction and iron furring only is accepted. 
Many thousands of yards of this have been accomplished at our 
hands and under every conceivable condition. The peculiar struct¬ 
ure of Expanded Metal lath enables the accomplishment of results 
in the way of special forms and shapes which are not so readily ob¬ 
tainable with any other material. 

In the matter of columns the practice also varies greatly. In 
many instances the column is simply wrapped with lath and the 
plaster applied. A much better method is to use some form of fur¬ 
ring strips to separate the lath and plaster from the column. A 
simple plan is shown in Figure 14. These! strips are small V-shaped 
pieces of sheet iron placed in vertical position at intervals around 
the column and the lath is secured to these, which is then ready for 
plaster. In Fig. 15 is shown a method of treating a Z-bar column, 
and this may be varied by so constructing as to secure a finished 
column square instead of round, if desired. In Fig. 16 a very neat 
method is shown of treating a Earimer steel column. In this in¬ 
stance we show how a comparatively small column may be very 
inexpensively enlarged when appearance of massive construction is 
desired. The illustration clearly shows the details of construction. 

In Fig. 17 is shown another method of fireproofing: a Earimer 
column. I11 this case the Expanded Metal lath is sprung around the 
column and securely wired together. After the first heavy coat of 
hard mortar has been put 011 and thoroughly set, another covering 
of Expanded metal is added with ^ // V-shaped furring, this being 
plastered with two coats and a finish, The column is thus protected 
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beyond question against the most ferocious fire. The integrity of 
good hard mortar supplied in this manner, with the intervening 
chamber, makes the danger from fire practically nothing. 

It is worthy of remark to say that this class of construction has 
gained great favor with all leading architects. The really thor¬ 
ough fire-proof qualities of good mortar, when put on to stay, as 
it must on Expanded Metal, is not the only advantage gained, but 
the saving in weight as compared with the enormously-heavy clay 
blocks of previous-day methods, is so great as to give much favor 



fig. 16. 




fig. 15. 



FIG. 17. 
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Fig. 18 represents a plain use of Expanded Metal lath in boxing 
beams or girders where heavy wood floors are laid on top. This 

may be accomplished in 
a variety of ways as to 
furring. 

Fig. 19 represents a 
somewhat-elaborate fur¬ 
ring for girders which 
project below tile floors. 
The design as shown is 
intended to represent 
massive beaming to cor¬ 
respond with the col¬ 
umns. The method 
employed, while simple, 
is very strong and secure. 




fig. 19 . 


FORM BUIEDING. 

The adoption and extended growth of metal lath has developed a 
possibility in the way of architectural details for interior work not 
before known, except at a very-great expense. This might be 
referred to as form building, the idea being that, even in non-fire- 
proof .structures, artistic effects are simply and inexpensively accom¬ 
plished. A good illustration of this idea is furnished by a result 
attained by G. W. Cramer, a prominent architect in New York. 
In a church so located that light could not be secured satisfactorily 
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through the outer walls, and not having the money at command to 
put an iron framing in the roof, large wood beams were used, 
allowing for sky-light 
openings, in as large areas 
as could be made practi¬ 
cable. To protect these 
beams and at the same 
time accomplish an artis¬ 
tic effect, the architect 
made use of this idea by a 
simple and inexpensive 
use of wood-furring strips 
and the addition of Ex¬ 
panded Metal lath. It 
gave the back ground for 
plaster which accom¬ 
plished his purpose. In 
figure 20 is shown a view 
of a part of the ceiling, 
and figure 21 gives a sectional view of the detail work, made from 
the architect’s drawings. The possibilities of this idea are practi¬ 
cally without limit at the hands of the architect, whether it be in 
fire-proof building or any other class. With skillful treatment any 
possible shape may be accomplished with certainty as to safe results. 



fig. 20 . 



fig. 21 . 
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IN FAMOUS LIBRARIES. 

The three most-notable library buildings erected in this country 
in recent years are the Congressional Library at Washington, the 
new public library at Boston, and the Carnegie Free Library at 
Pittsburgh. Reference is made on page 62 to the work accomp¬ 
lished in the latter of these. 

I11 the great library at Washington, of which Gen. Carey was 
the chief engineer, and Barnard R. Green superintending engineer, 
there was a vast amount of magnificent work accomplished in the 
plastic art in the ceilings and domes of the library halls. We show 
in figure 22 a reproduction of the elaborate work accomplished in 
constructing a background of iron furring and Expanded Metal 
lathing, ready for the plaster. This work, when finished, repre¬ 
sented to the eye very-massive construction, but the details, carried 
out as they were with the usual thickness of plaster on the contours 
and forms composed of the light metal webbing, constituted a com- 
paratively-small weight on the sustaining beams above. Such 
tasteful and artistic results, yet so secure in their position, could 
scarcely have been wrought in any other manner. The amount of 
work of tliis class performed at our hands amounted to 20,000 yards. 
The ceilings and domes of this great structure were in part painted 
and decorated by Elmer E. Garnsey, of New York. 

The Boston Public Library, though as yet scarcely finished, in 
final details of artistic decoration is rated as the most-important of 
all American libraries, and is pronounced the most-beautiful library 
structure in the world. It is a work of art, complete in every feature 
and occupies a conspicuous place in modern architecture. Messrs. 
McKim, Mead & White, of New York, were the architects. I11 the 
erection of the expansive false ceilings in the upper galleries of this 
building, our Expanded Metal lath, to the quantity of over 100,000 
square feet was placed in position on iron furring, and the expensive 
decorations and paintings covering the plasterer’s work are perma¬ 
nent and secure. 

, 

Aristocratic society in the delightful Hudson River suburb, 
Dobb’s Ferry, built a splendid club house, The Casino, last year. 
The architects were Trowbridge, Colt & Livingston. The entire 
interior was lathed with Expanded Metal, about 9,000 yards being 
used. 
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FIG. 22 . (CEILING, CONGRESSIONAL LIBRARY.) 






















54 


EXPANDED METAL 


ELABORATE CEILING EFFECT. 

An examination of our lath from a structural standpoint will 
demonstrate its admirable qualities for use in forming ceilings, 
panels, coves and elaborate ornamental effects. In mechanical 
shape it is that of a series of perfect trusses. In its natural shape 
it has a great degree of stiffness, but when plastered this is aston¬ 
ishingly multiplied, owing to the great bearing surface of the 
numerous flat strands. 

Architects find in practice that by the use of our material many 
features of ornamentation can be accomplished which would other¬ 
wise be impossible. A magnificent illustration of this point was 
accomplished by Henry Ives Cobb, of Chicago, in the splendid house 
erected for the Chicago Athletic Club. The unique forms in the 
main dining-room ceiling, shown in figure 23, were accomplished 
by the adoption of this idea. This elaborate bit of plastic art was 
built upon a background of iron furring and Expanded Metal lath 
carried out into the desired form. 


I11 the Wainwright office building, St. Louis, Mo., of which 
Adler & Sullivan, Chicago, and C. K. Ramsay, St. Louis, were 
architects, solid partitions were used quite largely. The president 
of the company owning this building, Mr. Ellis Wainwright, in a 
letter to our Company at St. Louis, says: “We have used your 
Expanded Metal for partitions in the Wainwright Building and find 
them entirely satisfactory. Among the advantages are the lightness 
of construction and saving of space and ease with which they are 
put up. We find them to be equally sound proof with other parti¬ 
tions now in use.” 

Emiel Glogau, Secretary of the Imperial Building Co., owners 
of the Union Trust Building, by the same architects, writes as 
follows : “In reply to your inquiry as to how I like the solid fire¬ 
proof partitions, which you put in the Union Trust Building, I 
think the ground is fully covered when I say that I have so far 
about 27,000 square feet in use, and I have just given you an order 
for more. The fact that they are only 1 )£" thick when finished 
make them peculiarly adapted to office buildings, as they give rooms 
from 4 // to 6 // larger each way than is possible with any other par¬ 
tition that I know of.” 
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FIG. 23. (DINING ROOM. CHICAGO ATHLETIC CLUB.) 
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AT THE MONEY CENTER. 

Located on Cedar Street, near Broadway, New York City, there 
was opened to public view early in this year (1896) the new home 
of the Clearing House Association of that city. This institution is 
the financial center of the banking interests of the moneyed metro¬ 
polis of the United States. In cost of construction, in all proba¬ 
bility, it represents a larger sum per cubic foot of space occupied 
than any public building on this continent. I11 magnitude it is 
modest indeed compared with its sky-scraping neighbors of the 
Wall Street district. Although nearly 100 feet to the top of its 
artistic dome it is rated only as a three-story building, and occupies 
less than 10,000 square feet of ground space. It is literally a marble 
palace. Its front exterior presents a most elaborate face of carved 
and engraved white marble. The interior with its less than twenty 
rooms represents the very acme of artistic effort by designer and 
decorator. All of the paneled ceilings, coves, groined arches and 
domes are the product of the latest and best in the plastic art. We 
present herewith, figure 24, a photo reproduction of the very tasty 
dome in the Clearing Room, which was built on the sure foundation 
of iron furring, sheathed with Expanded Metal lath. There are 
other quite as elaborate ceilings in other rooms, accomplished in the 
same secure manner. The architect of this magnificent financial 
exchange was R. W. Gibson, Esq., of New York. 

No better illustration has been made of the desirable qualities 
of metal fabric in the plastic material than that made by tile and 
mosaic workers ill the foundation, for the laying of their material. 
It has been found a very excellent advantage to imbed sheets of 
Expanded Metal lath in the cement. This they find prevents any 
sagging or breaking of bond in their work. In other words the 
small sections of their material, while bonded to the cement alone, 
have not the peculiar strength given by the broad sheet of steel and 
cement. This system of laying or placing tile and mosaic is now 
almost universal when the best results are desired. 


During the two years just before the World’s Fair opened in 
Chicago, there were built in that city twelve hotels and apartment 
houses containing in all 320,000 yards of Expanded Metal lath, the 
largest, The Chicago Beach, alone having 75,000 yards. 
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( DOME, NEW YORK CLEARING HOUSE.) 
















58 


EXPANDED METAL 


A MOSAIC CEILING. 

One of the modern office buildings of Boston, recently finished, 
is known as the “ Worthington Building ”, erected by Fehmer & 
Page, architects. We present in figure 25 a view of the ceiling of 
the main corridor, in which a very-line effect has been accomplished. 
A frame of iron furring and Expanded Metal lath was built and 
plastered with hard mortar. On this a work of art was accomplished 
in mosaic. This illustration scarcely shows the detail, but its value 
will be appreciated by modern architects. 

A REMARKABLE FACT. 

In the more than eight years of Expanded Metal lath it can be 
truthfully said that not so much as a single instance has occurred 
wherein the lath has failed of its designed purpose ; that is, to faith¬ 
fully hold the mortar in its place. It of course is a very plain and 
simple matter to say that the mortar cannot fall off, owing to the 
very positive and effective key formed on the lath ; and this sim¬ 
plicity of statement might be extended by saying that the surface of 
the lath cannot be covered by the man with a trowel without accom¬ 
plishing exactly that result, a plentiful and secure key. And it is 
just therein that the very essence of this whole subject exists. The 
primal purpose and object of lathing is to hold the mortar in posi¬ 
tion, and it is intended for and serves no other design. It may 
therefore be stated that it is the best lath which most honestly ac¬ 
complishes that result, under any and all conditions. And here we 
repeat the fact which, after all, is not so remarkable as it is satisfac¬ 
tory, that in the course of over eight }^ears, and the application of 
millions of yards of this lath, it has never been charged with a single 
failure to perform its designed purpose faithfully. It has held 
mortar against the ravages of fire, the crumbling effects of water, 
and the jars of truck and box thumping in warehouse and store— 
always honest in its purpose. The spirit of business fairness pre¬ 
vents us from mentioning in detail and location the very considera¬ 
ble number of occasions where our material has been called into use 
after some of the other forms of metal lath have failed by letting 
drop the plaster in such large measure as to warrant owners in hav¬ 
ing it entirely torn down and thrown out. The suffering contractors 
could tell in strong language how faulty is that form of metal lath 
whose possible key is less than one-sixth of its surface. 
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FIG. 25. (CORRIDOR, WORTHINGTON BUILDING, BOSTON. 
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UNION STATION, ST. LOUIS. 

One of the most notable railroad stations in the United States is 
the magnificent new building recently constructed to accommodate 
the fifteen railroads centering in the City of St. Louis. It was built 
by the joint enterprise of the railroad companies at a cost of $2,500,- 
000. The architect was Theo. C. Link, Esq., of St. Louis. All the 
hot air, ventilating, plumbing and other pipe systems were pro¬ 
tected by conduits and chases furred with iron and Expanded Metal 
lath. Also all the expansive arches, ceilings, domes and walls of 
the main structure, amounting in all to over 50,000 square feet of 
work, were plastered 011 lath of our manufacture. A small section 
of one of the main corridors is shown in figure 26. This structure 
is typical of western enterprise and in all respects is a credit to the 
designing architect and modern genius of the great Southwest, and 
we take claim for the modest yet important part our material occu¬ 
pies therein. 

IN THE PALACES OF MILLIONAIRES. 

Two of the most noted and magnificent of the palaces of the 
moneyed kings of America are those of John Jacob Astor at Fifth 
Auenue and 65th Street, New York, and “Breakers,” the summer 
residence of Cornelius Vanderbilt at Newport. They are typical 
of the very-best and most-expensive residence buildings on this 
continent. They were planned and erected by the late Richard M. 
Hunt, of New York, whose name is among those at the top of the 
world’s famous architects. I11 each of these palaces Expanded 
Metal was used to the extent of many thousands of yards in secur¬ 
ing ornamental effects in cornices, false beams and suspended 
ceilings. 

IN GOVERNMENT BUILDINGS. 

Expanded Metal is accepted by Government architects as a 
standard lathing material, and within the past few years many 
thousands of yards have been used in new Post-office buildings 
throughout the United States. Among them were buildings in the 
following cities : Chicago, Troy, N. Y., Newark, N. J., Wilmington, 
Del., Charleston, S. C., Malcato, Minn., Danville, Galesburg and 
Rockford, Ill., Lima, Ohio, El Paso, Tex., and Martinsburg, W. Va. 
In addition to these, 20,000 yards were put into ceilings and domes 
in the Congressional Library at Washington, as noted elsewhere. 
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THE CARNEGIE FREE LIBRARY, PITTSBURGH. 

In the great building, containing a free library, music hall, 
museum and art gallery, presented to the citizens of Pittsburgh by 
Andrew Carnegie, Esq., of which Messrs. Longfellow, Alden & 
Harlow, of that city, were architects, there was accomplished a 
notable job of ceiling or dome construction. Aside from the very- 
large quantity of Expanded Metal lath used throughout the struc¬ 
ture in fireproofing girders, modeling the elaborate groined arches 
of foyer, corridors and music hall, it was put to a special use in 
constructing the magnificent and deeply-paneled dome of the main 
reading room. We show herewith a view, carefully made from a 
photograph, of the reverse or upper side of this dome soon after the 
completion of the plastering, which illustrates most fully the gen¬ 
eral adaptability of Expanded Metal to this class of work, and 
incidentally the methods now in vogue for the modeling of such 
interiors. It, moreover, shows how securely and absolutely the 
plaster is keyed into position without so much as a possibility of its 
ever falling. This cut, figure 27, also gives a very-correct idea of 
reverse side of all walls or ceilings where our material is used. A 
single glance at this will satisfy the most incredulous that no better 
method of holding mortar in position has yet been devised. The 
decorative work throughout is chaste and superb. Palpably this 
could not be afforded on any but the most secure and permanent 
foundation. 

A somewhat recent use, and one certainly very desirable, of our 
solid-partition construction, has been its adaptation in the erection 
of storage warehouses in Boston, erected with a view to fire-proof 
storage purposes. The floors were divided up into small rooms by 
means of partitions, the doorways being protected by fire-proof 
doors, with fire-proof doors overhead. The contents of any one 
room may be entirely destroyed by fire without risk or harm to any 
adjoining room. 


Among the recent large contracts taken is one for furnishing 
10,000 yards of Expanded Metal lathing for beam covering in the 
building now being erected in New York for Seigel, Cooper & Co., 
of which Delemos & Cordes are the architects. This building, when 
finished, will be one of the largest retail stores in the United States, 
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FIG. 27. (REVERSE OF OKILJNG CARFBGIE LIBRARY, PITTSBURGH.) 
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AN ELABORATE CHURCH. 

A very-magnificent specimen of church architecture exists in the 
Christ Methodist Episcopal Church in Pittsburgh, Pa., of which 
G. W. Kramer, of New York, was architect. Aside from its beau¬ 
tiful exterior of stone it is most-elaborately finished in the interior. 
Especially-fine effects have been secured in the chancel and about 
the great organ, as well as the cornices, great arches, and piers sup- 



fig. 28. 


porting dome, also the beam work of ceiling. The most-ornate 
effects are secured by building a skeleton structure of steel and 
covering same with Expanded Metal, which is formed to the contour 
of the architectural members, thus requiring only the ordinary 
thickness of plaster on any portion. Thus, a work of art was 
accomplished. In Fig. 28 is shown a portion of this work and it 
represents one of the four scources supporting angle of great dome. 
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DURABILITY OF METAL LATH. 

The question of corrosion in the use of metal lath was at first 
looked upon with .suspicion, but it no lpnger worries the experienced 
architect. Its general introduction occurred less than ten years ago 
but minor instances of its use more than thirty years ago attest its 
durability in that regard. The late General Meigs, under whose 
supervision the Pension Building in Washington was erected a few 
years ago. made a personal examination of a hand-made webbing 
with which he had wrapped certain iron beams in the U. S. Patent 
Office Building, erected more than thirty years previous. He found 
the lathing entirely intact and therefore decided upon a very large 
use of Expanded Metal in the building referred to. 

No better evidence has ever been offered than the following 
letters, the one from the man who put the metal lath in position 
and the other from the architect under whose orders it was so placed. 

MORS.S & WHYTE, 

Manufacturers of all kinds of 

Wire Work, BOSTON, February 13, 1896. 

Eastern Expanded Metae Co., 

75-81 Cornliill, Boston, Mass. 

Gentlemen : In reply to your inquiry as to the use of wire lathing 
in Boston Theater I beg to state that in 1S57 I put into this building 
about 2,000 square feet of wire netting which I attached to iron fur- 
rings and it was then covered with mortar in the usual manner. 

I believe that this was the first time that wire lathing was used 
for this purpose in Boston, or in fact in the United States. 

I examined this lathing some time ago and found it in excellent 
condition, it being just as strong and free from rust as the day it 
was put on. t Very truly yours, 

Charees A. Morss. 

Office of 

CABOT, EVERETT & MEAD, 

Architects, 

Nos. 60 & 62 Devonshire St. 

Arthur G. Everett. S. W. Mead, BOSTON, February I r, 1896. 

The Eastern Expanded Metae Co., 

Boston. 

Dear Sirs : At your request I have inquired in regard to the use 
of wire lathing in the Boston Theater and find that Mr. Cabot had 
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woven-wire lathing used for the plaster work about the proscenium 
arch and also in the dome of the auditorium ceiling. The wire mesh 
in the arch is secured to iron furrings and the whole is imbedded in 
plaster. Mr. Cabot thinks this was the first use made of wire mesh 
for this purpose in Boston, and possibly in this country, and I exam¬ 
ined the work yesterday with some interest. 

After being in place between thirty-five and forty years I found 
the wire soft and pliable and as free from rust as upon the day it 
was put there apparently. 

The back of the dome, where wooden furrings imbedded in the 
plaster were used, I was not able to get at, but it is fair to presume 
that the wire is equally well preserved. I am, 

Yours truly, 

Arthur G. Everett. 

On this subject we append the following letter written some 
years ago by a leading firm of architects in Baltimore who attest 
their good faith by a continued use of Expanded Metal lath : 

Office of 

BAEDWIN & PENNINGTON, 

Architects. 

No. 44 South st. Baltimore, March 7, 1893. 

Centrae Expanded Metae Co., 

Pittsburgh, Pa. 

Gentlemen : In reply to your inquiry we take pleasure in saying 
that we have used large quantities of wire lathing in several large 
buildings, and invariably use the plain, not galvanized, wire, be¬ 
lieving that when imbedded in plaster it will be permanently pro¬ 
tected from corrosion. 

During the past year we have removed a lot of plastering on wire 
lathing in the Hotel Rennet, that has been in place since 1884, and 
found the wire perfectly sound and bright. 

Our preference has always been for wire or Expanded Metal, 
rather than perforated metal lathing, for the reason that the former 
are more certain to be entirely covered or embedded in the mortar. 

Yours respectfully, 

Baedwin & Pennington. 
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ART WORK IN A NEW-ENGLAND CHURCH. 

A really artistic result in architecture was accomplished recently 
in the erection of Grace Universalist Church at Lowell, Mass., by 
Wm. Chester Chase, the well-known Boston- architect. The main 
audience room was square in form, enclosed by solid brick and 
stone buttressed walls. Supported by the outer walls and interme¬ 
diate iron columns crossing the corner lines, a circular dome was 
constructed at a height of 22 / above the floor level on its base line. 
Then to carry out the tasty idea involved, curtain walls were con¬ 
structed along the outer wall lines and in graceful curves across the 
corners of the room, terminating in semi-domes in each of the cor¬ 
ners, in one of which was the apse. These curtain walls were built 
in broken lines, with exposed pilasters, on the inner sides, leaving 
an effect of massive construction. This entire feature was accom¬ 
plished by the building of these walls and semi-domes upon the 
Expanded Metal solid-partition system, the plaster work being 
done in cement mortar 2 " in thickness ; occasional iron braces ex¬ 
tending to the outer brick walls being employed as a means of 
making the entire structure rigid and firm. The result, from a 
practical as well as an artistic standpoint, was a perfect success. 

COVERING HOT-AIR PIPES. 

In all frame buildings, or in those wherein frame interiors are 
used, hot-air pipes require to be placed in the walls between stud¬ 
ding. A considerable degree 
of safety is added to these by 
the use of Expanded Metal 
lath over the spaces thus ex¬ 
posed to unusual heat. It fur¬ 
ther prevents the cracking of 
the plastering, which is sure to 
occur wdien wood lath is used. 

The illustration in Fig. 29 
shows how neatly this idea is 
accomplished and architects’ 
specifications should call for it 
in all cases. 

In this connection it should 
be stated that a wise precau¬ 
tion is pursued in frame-house 



fig. 29. 
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building by the introduction of Expanded Metal lath and plaster 
over and near the location of hot-air furnaces in basements. It 
prevents the ever-present danger of a fire from overheated shell 
furnaces. 

FIRE-PROOF SMOKE STACKS. 

The accompanying illustration (Fig. 30) shows a method of fire¬ 
proofing an iron smoke stack, adoptod by Furness, Evans & Co., 

architects, of Philadel¬ 
phia, in a seven-story 
office building in that 
city. The heavy iron 
stacks were placed 
alongside an outer 
brick wall, and about 
this a. fire-proof shaft 
was built of metal fur¬ 
ring, Expanded Metal 
lath and cement mor¬ 
tar. The cementine 
shaft was built of suffi¬ 
cient area to allow a 
large air chamber all 
about the stack. This 
air chamber is continu¬ 
ous from the level of 
the second story to the 
top of the flue, which 
extends four feet above 
the roof. The air 
fig. 30. chamber also serves 

the purpose of a vent shaft. The flues are an average of 12 7 ' diam¬ 
eter and are made of No. 10 iron. The fireplaces are all above the 
first floor and connect with the right and left flues alternately. 



TO PREVENT CRACKING IN ROOM CORNERS. 

A peculiar illustration of the determined persistency toward 
cheapness, with yet a desire for the better things, is shown by a 
somewhat unusual use of Expanded Metal lath, by architects 
whose clients insist on economy and good results at the same 
time. Knowing that the shrinkage of wood lath always results 
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in the cracking and splitting of the plaster in all corner and 
angle lines of walls and ceilings, they resort to the use of our lath 
along those lines only, the 
balance of the room surface 
being plastered on the 
usual spruce lath. The 
small illustration herewith 
shows how merit is often 
recognized though it be set 
aside in the corner, while 
its less expensive rival is 
spread out on all sides. It 
must be confessed it is an 
honest article put in the 
most-trying position of the 
fabric; but why does not the 
house owner, who thus economizes in his house which is to last 
him a lifetime, with the same argument for his cause of action, 
line the inside of his dress suit with calico because it is not seen 
and has little service to stand. 

CEMENTINE TOILET ROOMS. 

An illustration is shown in Fig. 32 of the adoption of our solid 
partition construction as applied to toilet rooms, bath rooms in hos¬ 
pitals, hotels, etc. In 
this class of work Port¬ 
land cement mortar is 
used and is troweled down 
to a glaze finish, making 
a result equal in desira¬ 
bility and durability to 
marble or slate and at 
much less cost. The idea 
of clearing the floors and 
ceilings with the partition 
has also been used in di¬ 
viding up large wards or 
rooms in hospitals, thus 
giving privacy as well as 
complete ventilation to 
each of the occupants. 




fig. 32 . 
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Certainly nothing more cleanly, germ- or vermin-proof, could be 
devised. This system has been adopted quite extensively in hospi¬ 
tals in New England, notably by E. W. Wheelwright, architect, of 
Boston. 

CEMENT BASEBOARDS. 

In the erection of our sanatory solid partitions it has often oc¬ 
curred that architects have wanted a special feature, illustrated 

herewith, for use in kitchens, 
laundries, conservatories, bath¬ 
rooms, closets, basements, etc. 
This method is very simple and 
really very desirable. Instead 
of the ordinary wood baseboard, 
with its moist and open space 
behind for the hiding of vermin 
and dirt, a cement board of the 
same size is neatly moulded into 
position by the plasterer when 
finishing up his work. This ad¬ 
mirable idea is often carried 
further, and a clean course or 
layer of cement is laid out from 
the wall for a space of 2o // , 
against which the usual wood 
floor is tightly nailed. The 
whole results in a perfectly 
cleanly space around the entire room, which can be scrubbed and 
washed and is always free from even the possibility of poisonous 
germs or vermin of any kind. 


A sheet of Expanded Metal lath cannot be put into position 
wrong side out, but it can be put wrong side up. Reference to 
figure 2, on page 5, will show which is the “right side up,” or 
rather “ right edge up.” The purpose of its placement, as shown, 
is that it will properly receive the mortar from the plasterer’s trowel, 
as he moves his hand upward or along the surface being plastered. 
If the other edge be placed upward the mortar will be too freely 
taken from the trowel, and not so good a result secured. 



FIG. 33. 
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LETTERS OF ENDORSEMENT. 

It would be not only quite too large a use of space but a super¬ 
fluous use of words to print the letters of endorsement which 
have been written for Expanded Metal as a lathing. Again, they 
are not needed in this connection: That it is being used and 
specified to-day by architects in all parts of the United States, 
practically without special solicitation, is a fact of itself constituting 
the highest endorsement. That architect, builder, plasterer or 
owner who, each in his several capacity, wants a bond or key to 
hold his plastic material in positive and lasting position, never 
fails to call for Expanded Metal. It should be said in this connec¬ 
tion that those plasterers in all the principal cities of the country 
who stand at the head of their fraternity and whose reputation, like 
the mortar they so plentifully handle, hangs or falls on the integ¬ 
rity of their work, prefer our material in all cases. As well would 
they interfere with the correct formula and proper mixture of their 
material, as put it up on insecure supports. That there are plenty 
of plasterers who prefer other forms of metal lath goes without 
saying, but when it is stated that on Expanded Metal they cannot 
skimp their contracts and profit thereby, it is a correct answer to 
the statement. Let it be further understood that the saving in 
mortar which is accomplished by a lath which has practically no 
key at all, is not true economy, because that lath is more than 
enough higher in price to pay for the proper amount of mortar used 
on Expanded Metal lath, and the mortar after all is that which con¬ 
stitutes the meritorious wall or ceiling, and not the lath, which is 
the thing wanted to keep it in permanent and secure place. There¬ 
fore let it be said that millions of yards of plastered walls and ceil¬ 
ings in thousands of the very-choicest and best buildings in the 
country, in all cases satisfactory to the utmost degree, constitute a 
whole chapter of living endorsements. 

CEMENTINE FILTER TANK. 

Perhaps no better illustration of the perfect adaptability of 
cementine construction to a certain class of structural uses has been 
offered than that obtained recently in Pittsburgh. The city author¬ 
ities were desirous of a filter tank for the purpose of experimenting 
with the city water supply. Their wants being made known to the 
Central Expanded Metal Co., a tank of 1,500 gallons capacity was 
built. A concrete foundation i8 /7 thick, on hardpan, was first 
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built. The necessary piping was imbedded in the concrete. The 
tank was to have an inside diameter of and a height of 6 ) 4 / . 
In constructing the metal portion of the tank, bottom sheets of 
heavy Expanded Metal, such as is used for fencing, with 7" x 
diameter meshes, were placed on the concrete, with joints breaking. 
Transversely over these, lath metal, a lighter material, was placed 
with overlapping edges, tightly laced to each other and wired to 


fig. 34 

the .studding rods. These rods were of 7-16" steel, set 6" into the 
concrete, 15 ]/z" apart and shouldered into a x y z " steel channel 
ring at the top, as shown in the view, figure 34. The metal-lathing 
sheets, which are 20" wide and 8 / long, were tied to the studding 
every 5 inches with soft No. 16 steel wire. The meshes of the lath¬ 
ing are 7-16" x and of such a shape as to form slight ledges for 
retaining the cement mortar. The latter was composed of one part 
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American Portland cement (Alpha) and two parts sharp common 
river sand. The cement was applied in coats, inside and out, until 
a total thickness of E' was obtained. A wooden template was used 
for a ground, held in place by wiring. No special care was taken to 
shield the work from the sun during construction, and but little 
dampening was done during the first few days of setting. After 



fig, 35. 

eight or ten days the interior was coated with asphalt and the tank 
filled with gravel and sand. The accompanying cuts, figures 34 and 
35, show the metal fabric before cement mortar was applied and 
after finishing. These engravings, with a full detailed description, 
appeared in “ Engineering News,” of New York, Dec. 12, 1895. 

The property loss by fire exceeds $ 150,000,000 annually in the 
United States — a sufficient argument for fire-proof construction. 
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IN MAKING SCHOOL BLACKBOARDS. 

A specific instance of the use of Expanded Metal lath that is 
worthy of mention is that made of it by the manufacturers of artifi¬ 
cial-stone slate blackboards in the 
United States. The very excellent and 
desirable result aimed at by these 
concerns is the building of plastic 
material, a uniformly smooth and sen¬ 
sitive surface designed for a black¬ 
board. After the accomplishment of 
the perfect surface desired it only 
remained to secure a base or back¬ 
ground upon which to build, which 
guarantees freedom from cracks caused 
by shrinkage or splitting of the 
background itself. This . has been 
accomplished by the use of Expand¬ 
ed Metal, which is securely attached 
to furring strips. This method sets 
the board free from the moisture and 
other ill effects of the wall, and gives 
such an opportunity for the plastic construction as has accomplish¬ 
ed complete success. The result has been the adoption of Expand¬ 
ed Metal lath in all such specifications. 

SIDEWALK CONSTRUCTION. 

Our system of sidewalk construction is clearly shown by the 
accompanying illustrations. (See figs. 37 and 38.) It is practically 
the same as our floor System No. 1, with the exception that the slab 
of concrete is heavier and the top finish is richer in cement. Its 
cost is much less than stone. It is much stronger and does not wear 
smooth and slippery as does stone, giving a firm and safe footing. 
It is constructed with a continuous lower surface impervious to 
water, and needs no caulking. If desired, the under side may be 
plastered — thus securing the area space in connection with the 
basement of the building. This system of sidewalk has been 
adopted quite largely in many cities and with perfect success, in 
spans of from io' to i6 / . 



FIG. 36. 
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Steel and Concrete Arches 
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TRIED IN THE FIRE. 

A few yeans ago a fire occurred in a building at No. n East 59th 
street, New York. The building was constructed mainly of wood 
so far as the floors and stud partitions were concerned. The beams 
were of heavy pine timber, but the ceilings and side walls were 



fig. 39. 

lathed with Expanded Metal and honestly plastered with good 
mortar. The thorough protection afforded by the ceilings thus con¬ 
structed prevented the breaking out of the fire in the rooms of the 
ground floor while it was raging hotly amid the wood beams and 
studding, including the floors above. The firemen, failing of their 
usual opportunity to get at the fire by the dropping of the ceil¬ 
ings, resorted to their hooks to provide openings through which 
to reach the fire with water. After a deal of punching and pulling 
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a limited area of the wood work was exposed to their quenching 
hose streams. A photograph has preserved the subsequent appear¬ 
ance of the ceiling. This is correctly shown in Fig. 39, a cut made 
from a corner section of the photographer’s work. As will be seen, 
the firemen pulled down many sheets of the lath in order to uncover 
the fire, but the mortar and lath came as a solid slab, failing to sep¬ 
arate even under the influence of heat, water, and forcible bending. 
With an apology for the remark, let it be said it was a ceiling put 
up to stay ; and it was scarcely possible of destruction either by fire 
or the deluge of water which the firemen dashed against it. 

A STATE CAPITOL BUILDING. 

Since going to press with the earlier pages of this book an award 
has been made by the Commissioners of Washington for the floor 
construction of the new State Capitol building, now being erected 
at Olympia. The Expanded Metal System was specified by the 
architect, Ernest Flagg, of New York. Strong influence was 
offered in behalf of other systems, but the showing in behalf of 
the merits of our system, as well as the economy accomplished, 
resulted in favor of the architect’s specifications by a unanimous 
vote. In the Capitol, which is to cost close to a million dollars, 
there will be 125,000 square feet of floor construction, including the 
roof, all to be put in on our System No. 1. In addition to the floors 
there will be used about 10,000 yards of Expanded Metal lath in 
the erection of false ceilings and domes, and the protection of 
exposed beams and girders. 


It is not a little remarkable that the introduction and adoption 
of improved, or cement, mortars have gone along almost uniformly 
in pace with metal lath. The last ten years, or less, has witnessed 
vast improvement in the plastering feature of house building in this 
country, and the line between good and bad in architecture can be 
drawn right at that point, as there is nothing which so quickly dis¬ 
plays their faults as wood lath and common mortar ; and no part of 
a building will outlast good mortar thoroughly imbedding its metal 
binding material. It is pleasant to note that both architects and 
owners appreciate this fact, and only unfortunate that dishonest 
builders too often try to defeat their aims by the use of cheaper and 
poorer materials. 
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LIBRARIES, CLUBS, RESIDENCES, ETC. 

Following is a list of a very small portion of the prominent 


libraries, clubs, residences, and other buildings lathed with our ma- 

terial and not mentioned elsewhere, 
entirely too long for use in these pages. 

A complete list would be 

Calumet Club House, 

New York. 

The New York Jockey Club, 

New York. 

Chicago Athletic Club, 

Chicago. 

Columbus Club, 

Chicago. 

Chicago Club, 

Chicago. 

Kenwood Club, 

Chicago. 

Calumet Club, 

Chicago. 

Public Library, 

Concord, N. II. 

Virginia Library, 

Chicago. 

Chicago Library 

Chicago. 

Historical Society, 

Chicago. 

Library of Congress, 

Washington, D. C. 

Pellman Memorial Church, 

Albion, N. Y. 

Church of St. Peter and St. Paul, 

Camden, N. J. 

M. E. Church of the Covenant, 

Philadelphia, Pa. 

Cathedral Holy Name, 

Chicago. 

Ward’s Island Insane Department, 

New York. 

Iowa Plospital for the Insane, 

Mt. Pleasant, la. 

LaSalle County Insane Asylum, 

Chicago. 

State Reformatory, 

Geneva, Ill. 

Milwaukee Almshouse, 

Milwaukee, Wis. 

Industrial Home for the Blind, 

Chicago. 

North-Western Dental College, 

Chicago. 

Armour Institute, 

Chicago. 

Sioux City High School, 

Sioux City, la. 

Detroit High School, 

Detroit, Mich. 

Academy of Sciences, 

Chicago. 

Art Institute, 

Chicago. 

St. Joseph Academy, 

Greensburg, Pa. 

Carnegie Gymnasium, 

Braddock, Pa. 

High School, 

Arlington, Mass. 

Harvard College Dormitories, 

Cambridge, Mass. 

Carnegie Music Hall, 

New York. 

Master Builder’s Exchange, 

Philadelphia. 
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Academy of Natural Sciences, 

Philadelphia. 

Drexel Institute, 

Philadelphia. 

W. N. Frazier, Residence, 

Northeast Harbor, Me. 

P. A. Widener, Residence, 

Ashbourne, Pa. 

H. A. Pevear, Residence, 

Lynn, Mass. 

W. W. Kimball, Residence, 

Chicago. 

Geo. A. Fuller, Residence, 

Chicago. 

Geo. M. Pullman, Residence, 

Chicago. 

Gen. C. L. Fitzhugh, Residence, 

Alleghany. 

L. Z. Leiter, Residence, 

Washington, D. C. 

Joseph Jefferson, Residence, 

Buzzard’s Bay, Mass. 

H. W. Oliver, Residence, 

Alleghany. 

H. C. Frick, Residence, 

Pittsburgh. 

Dr. F. L. Slocum, Residence, 

Pittsburgh. 

D. Herbert Hostetter, Residence, 

Pittsburgh. 

William Thaw, Residence, 

Pittsburgh. 

Oswald Werner, Residence, 

Pittsburgh. 

Robert Pitcairn, Residence, 

Pittsburgh. 

E. H. Jennings, Residence, 

Pittsburgh. 

Young Men’s Christian Asso’n Building, 

Kalamazoo, Mich. 

Providence Hospital, 

Providence, R. I. 

Hotel Savoy, 

New York. 

Holland House, 

New York. 

Hotel Waldorf, 

New York. 

Arlington Hotel, 

Hot Springs, Ark. 

Abbey’s Theater, 

New York. 

Madison Square Theater, 

New York. 

Metropolitan Opera House, 

St. Paul, Minn. 

Bureau of Printing and Engraving, 

Washington, D. C. 

Government Printing Office, 

Washington, D. C. 

National Tribune Building, 

Washington, D. C. 


A New York manufacturer of artificial stone lias adopted Ex¬ 
panded Metal lath as a fabric for the making of cementine washtubs. 
His product is meeting a ready market and is entirely a success. 
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CEMENTINE HOUSE CONSTRUC¬ 
TION. 


In the previous pages much has been said of the use of Ex¬ 
panded Metal for interior construction, the advantages of which 
are certainly established. It is not too much to say that every 
person in any way acquainted with or interested in architecture will 
admit that no better material for holding plaster in place has ever 
been offered to the public. It may, therefore, be said in a word 
that honest mortar properly applied on our material is the acme in 
its feature of house building. 

The outside of the house is another question. It certainly is not 
less important; if possible, more so. Exterior construction in 
cement or stucco finish is no longer a novelty to the building fra¬ 
ternity. The idea is gaining ground gradually. Its use is creeping 
in by thus treating gables, small bays and occasionally upper stories 
of suburban residences, with here and there an instance of a church 
or public building. Several things have kept back the more gen¬ 
eral introduction of this idea. In the first place, the advantages of 
this construction have never been properly put before the interested 
public, including the architect. Again, in the earlier uses of it in 
this country, and before the introduction of metal lath, it was not 
a successful operation—the cement would not stay in position ; and 
another, and probably greater, difficulty than all was the fact that the 
plaster mechanics did not understand the proper application of 
cement to secure the desired effect to the eye as well as the lasting 
qualities of the material itself. 

These objections are to-day well nigh wiped out. The advantages 
of the system have been quite extensively advertised for some years 
past by the several Expanded Metal Companies, and, as a result, a 
score or more of houses have been built on this system in various 
parts of the country. 
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FIG 40. (RESIDENCE, F. TIEDEMAN, STATEN ISLAND. N. Y.) 
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The practice of cement exterior construction in the European 
countries is hundreds of years old, and the work has stood the ravages 
of time better than natural stone. The old country method required 
a base of brickwork for the application of the cement, while the 
practice in this country has called into use the inexpensive frame 
of wood. In other words it is an ordinary frame house, in the 
building of which the usual process is followed until the frame is 
put up, and thereafter the new system is followed. The wood 
frame having been erected and covered with a rough .sheathing, it 
is desirable to cover this with inexpensive oiled roofing paper. 
Upon this light furring strips of wood should be placed upright at 
I2 // to i6 //r centers, and then the Expanded Metal lath in horizontal 
sheets. A cement mortar is then applied and finished to represent 
whatever style of finish or design the taste of the builder or archi¬ 
tect may suggest. Smooth, plain trowel work, pebble dash, stippled 
or more elaborate designs, imitations of rock-faced stonework, 
picked, hammered or rubbed, regular and irregular range work, 
random range work, etc., have been made so exact that it is difficult 
if not impossible, for the ordinary observer to detect the clever de¬ 
ception. The amount of ornamentation with this material is only 
limited by the taste of the builder, or possibly his willingness to 
pay the cost. 

When economy is the important factor in construction, the 
sheating may be omitted, fastening the metal lath directly to the 
studding. By this method the wall would not be as rigid as in the 
former, but in other respects equally as good. 

The economy of this construction is one of the important featutes 
to recommend it. A building having all the structural beauty and 
effect of solid stone can be erected at about one-third the cost of the 
former, and if plain finish is used, but little more than painted 
weather boarding. Other advantages may be noticed, namely, that 
the house will be warmer in winter and cooler in summer, more free 
from moisture than either brick or stone, and equally fire-proof. 
This last point is a very important one, as it is a fact well known to 
underwriters that mortar, more particularly that with cement as a 
constituent, is the best non-conductor in use. If a plastered surface 
can be held in place it is a practical impossibility for fire to penetrate 
it. That Expanded Metal lath will do this is a demonstrated fact, 
and one that is not open to contradiction. 

The accompanying illustration was made from a photograph of 
the residence of F. Tiedetnan, Esq., St. George, Staten Island, N.Y., 
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of which Paul Kuehne was the architect. The entire exterior, inclu¬ 
ding everything visible in the picture except the roof and foundation, 
iron railing and window casings, was built of Portland cement on 
Expanded Metal lath. The interior is also lathed and plastered 
with hard mortar. The house is a work of art in cement construc¬ 
tion, is handsomer than stone and is in every way a success. It has 
stood the test of two years, and, located as it is, overlooking New 
York PI arbor, has had a severe trial and is now perfect in every way. 

A score or more of the Cementine houses have been built in 
various parts of the country and everywhere with perfect satisfaction. 
Architects and owners in Pittsburgh have found this system so satis¬ 
factory that no less than a dozen have been erected there, including 
residences for Walter Chess, S. J. McFarren, James McKay, Geo. 
W. Morris by E. C. Sauer, architect; H. B. Chess, two residences, 
by Frank Cooper, architect. 


FINALLY: 

In the foregoing pages we have attempted to show some of the 
ways in which Expanded Metal has been used to advantage in the 
betterment of building operations in the last few years. We have 
only referred to such uses as are most prominent. It can scarcely 
be said that the entire range of the subject has been covered, but 
we hope enough lias been said and shown to demonstrate its satis-* 
factory place in fire-proof structural work. 

The array made of work accomplished is one in which we take 
a modest pride, and feel that we are justified in saying to the archi¬ 
tectural world at large that we are prepared to execute any contract 
within our field of operations with entire satisfaction. And from 
those who are not familiar with our work we solicit an opportunity 
to demonstrate our capacities. 
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PREFA CE. 


The matter forming this department has been selected and 
revised from private tables. Owing to the large number of 
calculations made it is possible that some errors may have 
crept into the computations. The results have all been criti¬ 
cally checked and it is believed that the values given may be 
used in full confidence. 

The Authors. 

New York, January, 1896. 
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EXPLANATION OF TABLES. 


The following tables will be found to contain a needed addendum to the 
various handbooks now devoted to Structural Metal Work. 

Nothing has been presented that exists in like form elsewhere. The 
introduction of safe loads on steel beams, 16,000 pounds fibre stress, is an appa¬ 
rent lapse in this regard. It will find its justification in that the deflection limits 
are worked into the table at the point of actual danger due to deflection in 
plastered ceiling, and will allow the exact constructionist to dispose a minimum 
of metal to a maximum of load. This also applies to the deflection lines of all 
other tables on steel beams and channels. The table of safe loads of steel 
channels, used as lintels, with the flanges vertical, has no deflection line, as the 
given load will not produce an excessive deflection and is the safe load which 
may be imposed in addition to the weight of the channel. 

Attention is called to the arrangement of the span lengths in the table of 
beams, which allows a small campact table of great range. It is seen, when 
we consider that the safe load on any beam, say six-feet span, is double the 
safe load of this beam on a twelve-foot span, and three times its safe load on 
an eighteen-foot span—or, in other words, the safe load is inversely as the 
span that we can obtain the safe load for the beams for any desired span. 

For steel beams there has been inserted curves of safe load as tabulated, and 
also a reduced load as may be required in cases of ceilings. 

Full tables are given for cast columns, both round and square. The variation 
in results under the several laws indicate that the accepted values allowed on 
this metal is the result of prejudice and not of actual experiment. 

It is desirable that on the larger-sized columns that the metal be propor¬ 
tioned to the size. A good rule is about one-twelftli the outside dimension ; 
that is, a sixteen-inch round column should have at least one inch and a quar¬ 
ter thickness for a minimum. As in almost all cases where examination has 
been made it has been found that the core has floated in casting the column, 
it would be well to specify the metal one-eighth of an inch thicker than the 
actual computation requires. 

Two curve tables will be found covering the allowable safe load, per square 
inch, for compression members. By these any section of column may be 
adapted to any special legislation, as most handbooks give the radius of gyra¬ 
tion of the most important columns and for different sections. 

There has been added, as being of special value, tables for three much used 
forms of columns. The table of angles, as struts, will be of use in light work ; 
the star column allows itself to be confined readily in the partition limits, and 
the plate-girder form of column has many uses for which it seems especially 
adapted. 
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Safe Loads, in Tons, Uniformly Distributed, for 
Wood Beams. 

In accordance with the Building Laws of New York City. 

2 w > Safe Load. P, Extreme Fibre Stress. B, Breadth, 
Formula: W = ^——- in inches. D, Depth, in inches. L, Distance 

3 L between Supports, in inches. 

P 8oo lbs. per sq. in. for Hemlock ; 900 lbs. per sq. in. for Spruce; 

1,100 lbs. per sq. in. for Oak. 


Kind 


DISTANCE BETWEEN SUPPORTS, IN FEET. 


<u 

IM E 

co i- 

Of 

Timber 

6 

8 

10 

11 

12 

14 

16 

16 

17 

18 

19 

21 

23 

25 

26 

2x6 

Heml’k 

Spruce 

Oak 

0-53 

0.60 

o .73 

0.4010.32 
0.45 0-36 
0.55'o .44 

0.29 0.27 
0.33 0.30 
0.40 0.37 

0.23 

0.26 

0.31! 

0.21 

0.24 

0.29 

0.20 

0.22 

0.27 

0.19 ' 
0.21 ' 
0.26 ' 

0.18 

0.20 

0.24 

ForWhite Pine use loadH 
Kiven for Spruce. For 
OeorKiaPine, loada forOak 

2x8 

Heml’k 

Spruce 

Oak 

0.95 

1.07 

I - 3 I 

0.71 

0.80 

0.98 

o. 57 |o .52 
0.6410.58 
0.78,0.71 

0.47 

o .53 

0.65 

0.41) 

0.46 

0.56 

0.38 

0.43 

0.52 

0.36 

0.40 

0.49 

0.3410.32 
0.38 0.36 
0.46I0.43 

O.30 
0 . 34 ' 
0.411 

0.27 

0.30 

0-37 

0.25J 

0.28 

0-34 

0.23 

0.26 

0.31 


2x10 

2x12 

Heml’k 

Spruce 

Oak 

1.48 

1.67 

2.04 

1.11 

1.25 

1-53 

0.89 
1.00 

1.22 

0.8l 

0.91 

I.II 

0.74'0.63 
0.83 0.71 
1.02I0.87 

0.60 

0.67 

0.81 

0-56 

0.62 

0.76 

0.52)0.49 
0.590.56 
0.72I0.68 

0.4710.42 
0.53 0.48 
0.64 1 0.58 

o .39 

0-43 

0-53 

0.36)0.34 
0.40 0.38 
0.49)0.47 

Heml’k 

Spruce 

Oak 

2.13 

2.40 

2.94 

1.60 

1.80 

2.20 

1.28 

1.44 

1.76 

1.16 
I. 3 I 
1.60 

1.07 0.91 
1.20 1.03 
1.47 1.26 

0.86 

0.96 
1.16 

0.80 

0.90 
1.10 

0.7510.71 

0.85 0.80 
1.04I0.98 

0.67)0.61 

0.76 0.69 
0.92I0.84 

0.56 

0.63 

0.77 

0.51)0.49 

0.580.55 

0.70I0.56 

3 x 6 

3 x 8 

Heml’k 

Spruce 

Oak 

0 So 
0.90 
1.10 

0.60 

0.68 

”.83 

0.48 

0.54 

0.76 

0.44 0.40 
0.490.45 
0.60,0.55 

0-34 

0-39 

k >-47 

0.32 

0.36 

0.44 

0.30 

0-34 

0.41 

0.28)0.27 

0.32 0.30 
o. 39 !o .37 

0.25)0.23 

0.28 0.26 

0.3510.31 

0.21 

0.23 

0.29 



Heml’k 

Sprvice 

Oak 

1.42 

1.60 

2.02 

1.07 

1.20 

M 7 I 

0.85 

0.96 

1.17 

0.78 

0.87 

I.07 

0.71 
0 80 
0.98 

0.61 0.57 

0.69 0.64 
0.84 0.78 

o .53 

0.60 

0-73 

0.50 

o .57 

0.69 

0.47 

0-53 

0.65 

0.45 0.41 ;o. 37 jo .34 
0.51 0.46 0.42 0.38 
0 62lo.56jo.51jo.47 

0-33 

0-37 

0.45 

0.51 

0.58 

0.71 

3 x 10 

Heml’k 

Spruce 

Oak 

2.22 

2.50 

3.06 

1.67 

1.88 

2.29 

1.33 

1.50 

1.83 

1,21 

1.36 

I.67 

1.11 
1.25 
1-53 

0-95 

1.07 

I - 3 I 

0.89 

1,00 

1.21 

0.83 
0.94 
1 .15 

0.79 

0.88 

1.08 

0.74 

0.83 

1.02 

0.70)0.64 
0.79 0.71 
0.96I0.87 

0.58 

0.65 

0.80 

0-53 

0.60 

0-73 

3 x 12 

Heml’k 

.Spruce 

Oak 

3.20 

3.60 

4.41 

2.40 

2.70 

3-30 

1.92 

2.16 

2.63 

1.75 

I.96 

2.40 

1.60 

1.80 

2.20 

i -37 

U 54 

1.89! 

1.28 

1.44 

1.76 

1.20 

1-35 

1.65 

1.13 

1.27 

i -55 

1.07 

1.20 

r.47 

1.01)0.92 
1.14 1.03 
1.38I1.26 

0.84 

0.94 

I1.15 

0-77 

0.86 

1.06 

0.74 

0.83 

1.02 

3 x 14 

Heml’k 

Spruce 

Oak 

4-36 

4.90 

6.00 

3 - 27 
3-68 

4 - 49 

2.61 

2.94 

3-59 

2.38 

2.67 

3-27 

2.18 

2-45 

3.00 

1.87 
2.10 
2-57 

1 . 74 : 1-63 

1.961.84 
2. 39'2.24 

i .54 
1-73 
2. 1 -■ 

1-45 

2.00 

1.38)1.25 
1.55 1.40 
1.88)1.71 

1.14 
1.28 
1.56 

1.05 
1.18 
1-44 

1.00 
1.13 
1.38 

3 x 16 

Heml’k 

Spruce 

Oak 

5.69 

6.40 

7.84 

4.27 

4.80 

5.86 

3-41 

3-84 

4.6s 

3 .H 

3-49 

. 4-27 

2.84 

3.20 

3 > 9 2 

2.44 

2.74 

3-35 

2. 28 
2.56 
3.12 

2.13 

2.40 

2-93 

2.01 
2.26 
2.76 

I.90 

2.13 

2.60 

l.So 1.63 
^02 I.83 
1.46)2.23 

1.49 

1.67 

2.04 

1-37 

i -54 

1.88 

i- 3 i 

1.48 

1.81 

4 x 10 

Heml’k 

Spruce 

Oak 

I 2 -96 
3-33 
4.08 

2.22 

2.50 

3 -Q 5 

r.78 

2.00 

M 4 

1.62 

1.82 

2.22 

1.48 

1.67 

2.04 

1.27 

1-43 

1-75 

I.I9 

1-33 

1.62 

1.11 
1.25 
i -53 

1.05 
1.18 
1.44 

O.99 

I.II 

I.36 

0.94)0.85 
1.05 O.95 
i.28|i.i6 

0 77 
0.87 
1.06 

0.71 

0.80 

0.98 

0.68 

o .77 

0-94 

4 x 12 

4 x 14 

Heml’k 

Spruce 

Oak 

tteml’k 

Spruce 

Oak 

4.27 

4.80 

5-88 

3.20 

3.60 

4.40 

2*56 

2.88 

3-51 

2.33 2.13 1.83 
2.6212.40 2.06 
3.20 2.94 2.52 

1- 7 i 
1.92 

2 - 34 

1.60 

1.80 

2.20 

i- 5 i 

1.76 

2.07 

1.42 

I.60 

i -95 

1-35 

L 52 

1.85 

1.22 

1-37 

1.68 

i.ii 

1.25 

1-53 

1.02 

1,15 

1.41 

0.98 

I.ii 

1.36 

5 . 8 i 

6-53 

8.00 

4-36 

4 - 9 ° 

5 - 98 

3-48 

3.92 

4.78 

30 7 

3 - 5 <> 

4 - 36 

2.90 

3-27 

4.00 

2.49 

2.86 

3-43 

2.33 

2.61 

309 

2.18 

2.46 

2.99 

2.05 

2.31 

2.82 

1.94 

2.18 

2.66 

1.84 

2.06 

2.51 

1.66 

1-87 

2.28 

1.52 

i- 7 i 

2.09 

1.40 

I *57 

1.92 

1.34 

1.51 

1.84 

4 x 16 

Heml’k 

Spruce 

Oak 

7-59 

8.53 

H0.45 

5-69 

6.40 

7.82 

4-55 

5.12 

6.24 

4 - kS 
4.66 

5- 69 

3^79 
14.27 
1 5-22 

3-25 

3-66 

4.47 

3-04 
3 - 4 i 
4.16 

2.84 
3.80 
1 3 - 9 i 

2768 

3.01 

3.69 

2 - 53 
2.84 

3 - 47 

2.40 

2.69 

3.28 

2.17 

2.44 

2.98 

1.98 

2.23 

2.72 

1.82 

2.05 

2.50 

i -75 

1.97 

2.41 

4 x 18 

Heml’k 

Spruce 

Oak 

9.60;7.20 
10.80 8.10 
13.22 9.89 

' 5.76 
6.48 
' 7.90 

’ 5.25I4.8C 
1 5.89 5 - 4 C 
' 7.20)6.61 

>4.12 

.4.63 

5-66 

13-85 

t 4-32 
► 5 - 2 ; 

* 3 - 6 o 
! 4-°5 
r 4.95 

1 3 . 8 l 
, 4-66 

3.20 

3.60 

4-39 

1 3-04 
1 3 - 4 i 

1 4.16 

2.75 

3-09 

3-77 

2.50 

2.82 

3-45 

2.30 

2-59 

3.17 

2.22 

2.49 

I3.05 
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EXPANDED METAL 


Safe Loads, in Tons, Uniformly Distributed, for 
Wood Beams. 

In accordance with the Building- Laws of Chicago. 

4 PBD 2 W, Safe Load. P, Extreme Fibre Stress. B, Breadth, 
Formula: W----- —— in inches. D, Depth, in inches. D, Distance 

3 ^ between Supports, in inches. 

P = 900 lbs. per sq. in. for White Pine ; 10,80 lbs. per sq. in. for Oak ; 
1,440 lbs. per sq. in. for Yellow Pine. 


Size of 

I Timber 

Kind 

of 

Timber 

DISTANCE BETWEEN SUPPORTS, IN FEET. 

6 

8 

10 

11 

12 

14 

15 

l 16 

17 

18 

19 

21 | 23 

25 

26 

2x6 

W. Pine 
Oak 

Y. Pine 

0.60 

O.72 

O.96 

0-45 

0-54 

0.72 

0.360.3;. 
0-43 0.39 
0.58I0.53 

0.30 

0.36 

0.48 

0.26 

0.31 

0.51 

0.24 

0.29 

0-39 

0.22 

0.27 

0.36 

0.21 

0.25 

Q -34 

0.20 

0.24 

0.32 






2x8 

W.Pinel 1.07 
Oak 1.28 

Y. Pine 1.71 

0.80 

0.96 

1.28 

0.64)0.58 

0.770.67 

1.02I0.93 

0-53 

0.64 

0.86 

0.46 

0-55 

0.73 

0-43 

0.51 

0.68 

0.40 

0.48 

0.64 

0.38 

0-45 

o .53 

0.36 

o -43 

0.57 

0-34 

0.40 

"•54 

0.30 

0-37 

°-49 

0.28 

0-33 

Q -45 

0.26 

0.31 

0.41 


2x10 

W.Pinel 1.67 
Oak 2.00 

Y. Pine | 2.67 

1.25 

1.50 

2.00 

1.00 

1.20 

1.60 

,0.91 

1.09 

1.46 

0.83 
1.00 

1-33 

0.71 

0.86 

I - I 4 

0.67 

0.80 

1.07 

0.62 

0-75 

|i.oo 

"•59 

O.71 

"•94 

0.56 

0.67 

0.89 

0.63 

0.84 

0.48 

0.57 

0.76 

0-43 

0.52 

0.70 

0.40 0.38 
0.48 0.46 
0.64I0.62 

2x12 

W. Pine 
Oak 

Y. Pine 

2.4O 

2.88 

3.84 

1.80 

2.17 

2.88 

1.44 

i -73 

2.30 

1.31)1.20 
1-57 1-44 
2.10, I.92 

1.03 

1.24 

r.65 

0.96 

1.15 

1-54 

0.90 

1.08 

1.44 

0.85 

1.02 

I.36 

0.80 

0.96 

1.28 

0.76 

0.91 

1.22 

0.69 
0.82 
1.10 

0.63 
0-75 
1.00 

0.58)0.55 

0.69:0.67 

0.92(0.89 

3 x 6 

W. Pine 
Oak 

Y. Pine 

0.90 

1.08 

1.44 

0.68 

0.81 

1.08 

o .54 

0.65 

0.86 

O.49 

0-59 

0.45 

0.54 

0.72 

0-39 

0.46 

0.62 

0 36 
0.43 
0.58 

0-34 

0.40 

0.54 

0.32 

O.38 

o- 5 i 

0.30 

0.36 

0.48 

0.2S 

0-34 

0.46 

0.26 

0.31 

0.41 

0.23 

0.28 

0.38 


3 x 8 

W. Pine 
Oak 

Y. Pine 

1.60 

1.92 

2.56 

1.20 

M 5 

1.92 

0.96 
1 .15 
i -54 

1.05 

I.40 

o> > 
0.96 
1.28 

0.69 
0.82 
1.10 

0.64 

0.77 

1.03 

0.60 

0.72 

0.96 

°-57 

0.68 

0.91 

0-53 

-1.9.1 

0.85 

0.51 

0.61 

0.81 

0.46 

0-55 

0-73 

0.42 

0.50 

0.67 

0.38 

0.46 

0.62 

0-37 

0-44 

o .59 

3 x 10 

W. Pine 
Oak 

Y. Pine 

2.50 

3.00 

4.00 

t;ss 

2.26 

3.00 

1.50 

1.80 

2.40 

I.36 

I.64 

2.I9 

1.25 

1.50 

2.00 

1.07 

1.29 

1.71 

1.00 

1.20 

1.60 

0.94 
1.12 
1.50 

088 

1.06 

1.42 

0.83 
1.00 

i -33 

0.790.71 

0.95)0.86 

1-2711.15 

0.65)0.60 
0.78 0.72 
i.o5'o.96 

0.58 

0.69 

0.92 

3 x 12 

W. Pine 
Oak 

V. Pine 

3- 60 

4 - 32 

5 - 76 

2.70 

3 - 25 

4 - 32 

2.16 

2 - 59 

3 - 46 

I.96; I.80 
2.36:2. l6 

3-15 ! 2.88 

i -54 

1.86 

2.47 

1.44 

i -73 

2.31 

1-35 
1.62 
2.16 

1.27 

i -53 

2.04 

1.20 

1.44 

1.92 

1.14 

1.36 

1.82 

1 03 
1.24 
1.65 

0.94 0.86 

1.13-1-03 
1.50:1.38 

0.83 
1.00 
1-33 

3 x 14 

W. Pine 
Oak 

Y. Pine 
W Pine 
Oak 

Y. Pine 

4.90 

5.88 

7-84 

6.40 

7.68 

10.24 

3-68 

4.42 

5-88 

2.94 

3-52 

4.70 

2.67 

3.21 

4.29 

2.45I2.IO 
2*94 2.52 
3 - 92 I 3-36 

1.96 

2 - 35 

3 - 14 

1.84 
2.20 
2.94 

i -73 

2.08 

2.77 

1.63 

1.96 

.’/) 1 

1-55 

1.86 

2.48 

1.40 

1.68 

2.24 

1.28 

1-54 

2.05 

1.18 
1.41 
1.88 

1.13 

1.36 
1.81 

3 x 16 

4.80 

5*78 

7.68 

3-84 

4.60 

6.14 

3-49 

4.20 

5 - 6 i 

3.20I2.74 
3.84 3-30 
5-12'4.39 

2.56 

3-07 

4.11 

2.40 

2.88 

3-84 

2.26 

2.71 

3.62 

2.13 

2.56 

3 - 4 i 

2.02 

2.42 

3-24 

1.83 

2.20 

2-93 

1.67 
2.01 

2.68 

i -54 

1.84 

2.46 

1.48 

1.77 

2.36 

W. Pine 
4 x 10 Oak 
i Y. Pine 

3-33 

4.00 

5-33 

2.50 

3.01 

4.00 

2.00 

2.40 

3.20 

1.82 

2.19 

2.92 

1.67 
2.00 

2.67 

i -43 

r.72 

2.29 

1-33 
1.60 
2 14 

1.25 

1.50 

2.00 

1.18 
1.41 
1.89 

1,11 
1-33 
1.78 

1.05 

1.26 

1.69 

0.9510.87 
1.14 1.04 
i- 53 l i- 4 o 

0.80 

0.96 

1.28 

0.77 

0.92 

1.23 

4 x 12 

W. Pine 
Oak 

Y. Pine 

4.80 

5-76 

7.68 

3.60 

4 - 33 

5 - 76 

2.88 

3-45 

4.61 

2.62 

3-15 

4.21 

2.40 

2.88 

3.84 

2.06 

2.47 

3-29 

1.92 

2.30 

3.08 

1.80 

2.16 

2.88 

1.70 
2.04 
2.72 

1.60 

1.92 

2.56 

U52 

1.82 

2-43 

i- 37 |i .25 1.15 
1.65)1.50 1.38 
2.20 1 2.01 1.85 

1.11 

1-33 

i -77 

4 x 14 

4 x 16 

4 x 18 

W. Pine 
Oak 

Y. Pine 
W. Pirn- 
Oak 

Y. Pine 
W. Pine 
Oak 

Y. Pine 

6-53 

7.84 

10.45 

8 - 53 * 
10.24 
13.61 

4.90 
5-90 
7 -84 
6.40 

7.70 

10.24 

8.io 

9-75 

12.96 

3.92 

4.70 

6.27 

3.56 

4.28 

5.72 

3.27)2.80261 
3 - 9 2 - 3-37 3- i 4 
5.22 4.484.19 

2 - 45 
2.94 

3 - 92 

2.31 

2.77 

3-70 

2.18 

2.61 

3-48 

2.84 

3 - 41 

4 - 55 

2.06 

2.48 

3 - 3 i 

2.69 

3 - 23 

4 - 32 

1.S7I1.71 
2.25 2.05 
2 . 9912.73 

1 - 157 
1.88 

2 - 51 

2.05 

2.46 

3.28 

r- 5 i 
1.81 

2- 41 

1.97 

2.36 

3 - 15 

5- ' 2 
6.13 
8.19 

4.66 

5.60 

7.47 

4.2713.66)3.41 
5.12 4.40 4.10 
6.80 5.85 5.48 

5 --I' ’•!••’. -i -lo-’ 
6.48 5-56 5-18 
8.60I7.41I6.93 

3-20 

3- 84 
5-12 

4 - 0 3 
4.86 
6.48 

3 0! 
3.62 

4.83' 

2-44 
2.92 
3 91 

2.23 

2.67 

3-57 

10.80 

12.96 

17.21 

6.48 

7.76 

10.37 

5-89 

7.08 

9.46 

4 - 8 i : 3 .ou 

4.584.32 
6.11)5.76) 


3 - 4 1 
4.09 
5-47 

3-09 
3-70 
4 95 

2.82 

3.38 

4.52 

2-59 

|:U| 

2 - 49 
2.99 

3 - 99 
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Safe Loads, in Tons, Uniformly Distributed, for 
Wood Beams. 

In accordance with the Building Laws of Boston. 

PTiD 17 W, Safe Load. P, Extreme Fibre Stress. B, Breadth, 
Formula: W • — - in inches. D, Depth, in inches. L, Distance 

3 L between Supports, in inches. 

r ••==• 750 lbs. per sq. in. for Spruce ; 1,000 lbs. per sq. in. for White Oak ; 

1,250 lbs. per sq. in. for Yellow Pine. 

c 4 — L. 

05 

jsj E 
CO i- 

2x6 

Kind 

of 

Timber 

DISTANCE BETWEEN SUPPORTS, IN FEET. 

6 

8 

10 

11 

12 

14 

15 

16 

17 

18 

19 

21 

23 

25 

26 

Spruce 
W. Oak 
Y. Pine 

O.50 

O.67 

O.84 

o .37 

0.50 

0.63 

0.30 

0.40 

0.50 

0.27 

0.36 

0.46 

0.25 

0-33 

0.42 

0.21 

0.29 

0.36 

0.20 

0.27 

0-33 

0.19 

0.25 

0.31 

0.18 
0.24 
0.29 

0.17 

0.22 

0.28 

For White Pine, use 
loads given for Spruce. 

2x8 

Spruce 
W. Oak 
Y. Pine 

0.89 

EI9 

I.49 

0.67 
0.89 
1.11 

0-53 

0.71 

0.89 

0.48 

0.65 

0.81 

0.44 

o .59 

0.74 

0.38 

0.51 

0.63 

0.36 

0-47 

0-59 

0-33 

0.44 

0.56 

0.31 

0.42 

0.52 

0.30 

0.40 

0-49 

0.28 

0-37 

0-47 

0.2510.23 
0.34 0.31 
0.42I0.39 

0.21 

0.28 

0.36 


2x10 

Spruce 
W. Oak 
Y. Pine 

1- 39 
1.85 

2 - 33 

1.04 

i -39 

1.74 

0.83 
1.11 
i -39 

0.76 

I.OI 

1.27 

0 69 
0-93 
1.16 

0.60 

0.79 

0-99 

0.56 

0-74 

0-93 

0.52 

0.69 

"•-7 

0-49 

0.65 

0.82 

0.46: 

0.62 

Q -77 

O.44 

O.58 

0-73 

0.40 

°-53 

0.66 

0.36 

0.48 

0.60 

0-33 

0.44 

0.56 

0.32 

o .43 

0-53 

2x12 

Spruce 
W. Oak 
Y. Pine 

2.00 

2.67 

3-35 

1.50 
2.00 

2.50 

1.20 

1.60 

2.00 

1.09 

i -45 

1.82 

1.00 
1-33 
1.66 

0.86 
1.14 
i -43 

0.80 

1.07 

1-33 

0-75 

I.OO 

1.25 

X71 
0-94 
1. 18 

0.67 
0.89 
1.11 

O.63I0.57 

0.84 0.76 
I. 05 ! 0.95 

0.52 

0.70 

0.87 

0.48 

0.64 

0.80 

0.46 

0.62 

0.77 

3 x 6 

Spruce 
W. Oak 
V. Pine 

0-75 
1.00 
1.26 

0.56 

0-75 

Q -94 

0.45 

0.60 

°-75 

0.41 

0.55 

0.68 

o .37 

0.50 

0.62 

0.32 

o .43 

0.30 

0.40 

0-50 

0.28 

0-37 

0-47 

0.26 

o .35 

0.25 

0.33 

"•■I-' 

O.24 

0.32 

0.21 

0.29 

0.36 

0.20 

0.26 

0.33 



3 x 8 

Spruce 
W. Oak 
Y. Pine 

i -33 

1.78 

2.23 

1.00 

1-33 

1.67 

O.So 

1.07 

1.33 

0-73 

0.97 

1.22 

0.67 
0.89 
1.11 

0-57 

0.76 

0.95 

o .53 

0.71 

0.89 

0.50 

0.67 

0.83 

0-47 

0.63 

0.78 

0.44 

o .59 

0.74 

O.42 

O.56 

O.70 

0.38 

0.51 

0.64 

0-35 

0.46 

0.58 

0.32 

o .43 

0-53 

0.31 

0.41 

0.51 

3 x 10 

Spruce 
W. Oak 
Y. Pine 

2.08 

2.78 

3-49 

1.56 

2.08 

2.61 

E2 5 

I.67 

2.08 

1.14 
1.52 
1.90 

1.04 
1 39 
i -73 

0.89 
1.19 
i -49 

0.83 
1. 11 

i -39 

0.78 

I.04 

1.30 

0.74 

0.98 

1.22 

0.70 
0-93 
1.16 

0.66 

0.88 

I.IOj 

0.60'0.55 
0.79 0.72 
0 - 99 ; o. 9 i 

0.50 

0.67 

0-S3 

0.48 

0.64 

0.80 

3 x 12 

Spruce 
W. Oak 
Y. Pine 

3.00 

4.00 

5.02 

2.25 

3.00 

3-76 

1.80 

2.40 

3.00 

1.64 

2.18 

2-73 

1.50 

2.00 

2.50 

1.29 
1.71 

2.14 

1.20 

I.60 

2.00 

I -13 
I.50 
1.88 

I1.06 

1.41 

1.76 

1.00 

1-33 

1.67 

0.95 

1.26 

1.58 

0.86 
1.14 
1-43 

0.7910.72 

1.04)0.96 

1.30I1.20 

0.69 

0.92 

1.16 

3 x 14 

Spruce 
W. Oak 
| Y. Pine 

4.08 

5-45 

6.84 

3-06 
4.08 
5 -ii 

2.45 

3-27 

4.08 

2.23 

2.97 

3-72 

2.04I1.75 

2.72:2.37 
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EXPANDED METAL 


(of 2,000 lbs.), for Steel I.Beams. 

Building Laws of Chicago and Boston. 

Kjve which Tabulated Safe Load is liable to crack Plastered Ceilings, are indicated by heavy lines, 
s in Chicago, deduct from values given in table. 
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Clear Span, in Feet. 

Clear Span, in Feet. 
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.Safe Loads for Steel Channels—Flanges Vertical, as shown below. 

According to Law of Chicago and Boston. 

DISTANCE BETWEEN SUPPORTS, IN FEET. 
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According to Law of New York. 
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rf 

co 

CO 

to 

00 

CO 

CO 

IV 

o 

X 

O' 

no’ 

to 

tow m mm 

CM 

»o 

© 

CO 


to 

CO 

CO 

l—< 

o 

ov 

00 

CO 

o 

co 

o 

cnj 

o 

CO 

rl 

a> 

CNJ 

CO 

<N 

to 

eo 

to 

o 

CM 

00 

CM 

CO 

o 

CJ 

co 

<3 

8" 

t 

; ° 

r 

t 

°1 


- 

>o 

VO 

co 

CO 

lT~- 

r~ 

00 

CO 

O'. 

cr> 

o 

o 

CM 

CM 

to 

B 1 
a 

o 

o 

VO 

© 

cn 

© 

CO 

© 

OJ 

o 

CO 

CO 

© 

© 

CM 

O 

JV 

o 

CO 

CO 

© 

© 

to 

o 

cm 

© 

© 

CD 

o 

tO 

CM 

O 

o 

o 

CO 

CM 

CO 

o 

© 

05 

eo 

o 

«! 

a 

eo 

co 

05 

CO 

rH 

to 

<N 

CM 

0> 

CO 

CO 

CM 

CM 

CM 

s 

CM 

oo 

CM 

vO 

L- 

CO 

cm 

o> 

CM 

o 

to 

CM 

eo 

CO 

CO 

CM 

00 

eo 

eo 

C5 

-e< 

co 
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EXPANDED METAL 


Safe Loads, in Tons, for Square Cast Columns. 

In accordance with the Building Laws of New York City. 


Side, rmcmess 


UNSUPPORTED LENGTH, IN FEET. 


lociies 

lack 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 


/ 

98 

84 

70 

58 

49 










n 

111 

95 

80 

6 7 

56 










y 

124 

109 

95 

81 

69 

60 



Facto 

r, s- 





7 /r 

141 

124 

108 

93 

80 

6S 






8A 



y 

i5o 

>35 

120 

106 

93 

81 

7> 


Formula: W = 

• H 

- L2 


8 

n 

172 

155 

137 

121 

106 

93 

81 


W. Sate load. 




i 

>93 

>74 

> 54 

136 

119 

104 

90 


A, Cross section, in Sq. In. 



n . 

201 

185 

168 

i5o 

>34 

>19 

106 


L, Unsupported Length, in 


9 


227 

208 

189 

169 

151 

>34 

>19 


inches. 





VA 

25 1 

230 

209 

>87 

167 

148 

>$> 


D, Side 

of Colt 

mn. in 

inches. 



Vs 

231 

215 

198 

181 

163 

>47 

132 

i>9 






10 

l 

261 

243 

224 

204 

184 

166 

>49 

>34 






VA 

290 

270 

248 

226 

204 

184 

165 

>49 







vy 

3>S 

296 

272 

248 

224 

202 

181 

>63 







i 

295 

278 

259 

238 

218 

199 

181 

164 

>49 






VA 

328 

308 

287 

264 

242 

221 

201 

182 

165 






vy 

360 

339 

3>5 

290 

266 

243 

221 

200 

181 






m 

390 

367 

342 

3*5 

288 

263 

239 

217 

197 






i A 

365 

347 

326 

3°4 

281 

259 

237 

217 

>99 

182 




12 

vy 

402 

382 

359 

334 

309 

285 

261 

2 39 

219 

200 





436 

414 

389 

363 

336 

309 

283 

259 

237 

2>7 





vy 

470 

447 

420 

39> 

362 

333 

306 

280 

256 

2 34 





VA 

402 

385 

365 

343 

320 

297 

275 

254 

234 

2 1 5 

198 



13 

vy 

443 

424 

402 

378 

353 

327 

303 

279 

258 

237 

2l8 



m 

481 

461 

437 

410 

384 

355 

329 

304 

280 

257 

237 




vy 

520 

497 

472 

444 

4>4 

384 

356 

328 

303 

278 

255 




vy 


467 

446 

422 

397 

372 

347 

321 

298 

2 77 

256 

238 


14 

m 


507 

484 

4 58 

43 > 

404 

377 

349 

324 

300 

278 

258 


vy 


548 

524 

495 ■ 

466 

436 

407 

377 

350 

325 

301 

279 



15/8 


588 

561 

53> 

5oo 

468 

436 

404 

375 

348 

323 

299 



i/ 8 



53* 

5o6 

480 

451 

424 

397 

370 

345 

321 

299 

278 

15 

vy 



574 

547 

518 • 

488 

458 

429 

400 

373 

348 

324 

30 > 

15/8 



616 

587 

556 

523 

492 

460 

429 

400 

373 

347 

323 


vy 



658 

627 

594 

559 

525 

49> 

4 58 

427 

398 

370 

345 


vy 




599 

570 

540 

5io 

480 

45i 

422 

395 

370 

346 

10 

1/8 




643 

612 

5 80 

548 

515 

484 

453 

424 

397 

372 


vy 




687 

654 

620 

585 

551 

517 

484 

453 

424 

397 


1/6 





725 

693 

-esr 

628 

595 

$63 

532 

5oi 

473 

18 

vy 





775 

74> 

707 

672 

636 

602 

569 

536 

5o6 

l/ 8 





824 

787 

75o 

7>3 

675 

639 

604 

569 

537 


vy 






864 

829 

794 

7 58 

723 

688 

652 

.620 

20 

1 A 






918 

881 

844 

806 

769 

732 

695 

660 

2 






973 

933 

894 

855 

815 

7/5 

737 

689 


2 A 






1026 

985 

943 

901 

860 

818 

777 

737 


nr 

NO 

•TE.— Heavy broken line Indicates 

952 

916 

881 

844 

808 

773 

738 

22 

m 

approximately the maximum length al- 

1013 

975 

937 

898 

860 

822 

785 

2 

lowed 

1 by the 

law: 1 

the length must 

: not 

>074 

>034 

994 

953 

912 

872 

832 


2 A 

cxceo 

d twent; 

y diam 

eter*. 



>>34 

1092 

1049 

1006 

962 

920 

879 


2 A 








>239 

> >97 

1155 

1112 

1069 

1026 

24 

2y 








1305 

1261 

1216 

1171 

1 125 

1080 

2Vb 








1369 

>323 

1276 

1228 

1 f8o 

>>33 


2 y 








>433 

>385 

>335 

1285 

.235 

1186 





















































EXPANDED METAL 


99 


Safe Loads, in T^ns, for Round Cast Columns. 

In accordance with the Building Laws of New York City. 


Diam. 


TlUCtlltSS. 


UNSUPPORTED LENOTH, IN PEET. 


Inches 

. ia 
Inches. 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

6 

X 

n 

73 

83 

61 

69 

5 o 

56 

4 i 

46 

34 

38 









7 

X 

n 

93 

106 

80 

9 i 

68 

77 

57 

65 

48 

55 

4 ' 

47 



Factoi 

■. 5 - 


.8 

X 

n 

i 

114 
130 

146 

101 

11 5 
129 

88 

100 

"3 

76 

86 

97 

<45 

74 

84 

56 

64 

72 

4 & 

56 

62 


Formula : W = i_* 

W. Sale load. 

A, Cross section. 

L. Length. In inches. 

D, Diameter. In inches. 


9 

n 

i 

i^ 

1*4 

'73 

192 

'39 

1 56 

'73 

124 

'39 

'54 

109 

1 2 2 

'3 6 

9 * 

107 

119 

84 

94 

104 

73 

82 

91 



10 

ft 

i 

i 'A 

1 / 

<78 

200 

222 

244 

>63 

184 

204 

224 

148 

166 

1 85 

202 

•33 

149 

1 65 
181 

1 18 

'33 

'47 

161 

104 

"7 

' 3 ' 

'43 

92 

104 

116 

127. 

82 

93 

>03 

T 1 2 






11 

1 

I'A 

i/ 8 

227 

253 

277 

301 

211 
235 
?58 
280 

'94 

2 . 5 ' 

236 

25 ? 

176 

19S 

214 

233 

i 58 

176 

'93 

210 

142 

1 58 

'74 

189 

128 

»42 

156 
'70 

11 5 

127 

140 

1 5 2 

'03 

1 14 
t 26 

'37 





12 

IX 

l/« 

LA 

282 

3'2 

337 

265 

291 

316 

34 « 

246 

270 

294 ■ 
317 

226 

248 

270 

291 

206 

227 

247 

266 

187 

206 

224 

242 

170 

'87 

203 

219 

154 

169 

184 

198 

'39 
' *3 
166 
» 7 <j> 

1 26 
.38 

1 5 r 
162 




13 

ift 

IX 

1/ 

LA 

312 

343 

373 

403 

296' 

326 

353 

38 ' 

278 

304 

331 

357 

25 7 
282 
307 
33 ' 

237 

260 

284 

306 

217 

238 

261 

281 

'99 

218 

238 

25 7 

182 

'99 

216 

234 

166 

181 

196 

214 

| 5 | 

1 65 

'79 

195 

'37 

i 5 o 

1 64* 

'77 



14 

1 X 

\X 

\sA 


359 

390 

422 

452 

338 

368 

398 

427 

3 1 7 
34 * 
373 
400 

295 

321 

347 

37 2 

273 

297 

321 

344 

252 

274 

296 

V7 

231 

25 l 

271 

291 

212 

230 

249 

267 

195 

212 

229 

245 

'79 

195- 

210 

225 

164 

'79 

'93 

207 


15 

m 

'X 

15/8 

—LA 



405 

439 

47 ' 

502 

382 

4'4 

444 

473 

3 58 

388 

416 
443 

334 

361 

388 

412 

3 'o 

335 

360 

383 

287 

3 »o 

333 

355 

265 

286 

307 

328 

2 4 5 

264 

284 

303 

226 

244 

262 

280 

208 

226 

242 

258 

'93 

209 

224 

239 

18 

iX 

15/8 

liL 




454 

488 

521 

428 

460 

49 ' 

402 

432 

461 

376 

403 

430 

35o 

376 

401 

325 . 

349 

373 

302 

324 

346 

280 

301 

321 

260 

279 

298 

241 

259 

277 

18 

15/8 

13/ 

\ft 





55 1 

588 

625 

521 

556 

591 

492 

5 i 5 

558 

463 

494 

526 

434 

465 

495 

408 

436 

464 

382 

408 

434 

3*7 

38 ' 

405 

334 

357 

380 

?o 

m 

m 

2 

2 'A 






652 

699 

736 

776 

621 

665 

700 

739 

590 

632 

665 

702 

559 

599 

63 ' 

665 

529 

567 

597 

629 

499 

5 3 5 

56 3 

594 

470 

504 

530 

5 60 

443 

475 

5 oo 

527 

22 

1/ 

m 

2 

N ( 

appro 

allow* 

exccc* 

) T E heavy t 

xlmatcly maxlrm 
“4 by law: the 
1 twenty dlamct 

irokcn 1 

im limit 
length 

era. 

Ine shows 

In length 
must not 

718 

765 

820 

856 

686 

73 ' 

774 

818 

65 4 

697 

738 

780 

623 

663 

703 

743 

592 

630 

668 

706 

562 

598 

634 

670 

532 

5<?7 

600 

635 

24 

2H 

2/ 

2/8 

2/ 








935 

984 

1032 

1081' 

897 

944 

990 

1037 

85 9 

904 

948 

993 

821 

864 

907 

95o 

784 

825 

866 

907 

748 

787 

826 

865 
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EXPANDED METAL 


Safe Loads, in Tons, for Square Cast Columns. 

In accordance with the Building Laws of Chicago. 


nitbm 


UNSUPPORTED LENOTH,IN FEET. 


Incite! 

_ in 

Incites. 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

6 

X 

67 

60 

53 

46 

40 










X 

76 

68 

60 

52 

45 




F 

actor, 8 




7 

X 

83 

76 

69 

61 

54 

49 . 



: W = 

5 - 

\ 


x 

94 

87 

79 

70 

62 

55 



Formula 




X 

99 

92 

85 

78 

70 

63 

57 





800 D* 

8 

x 

113 

106 

98 

89 

80 

72 

65 


w. 

Safe Load in 

Tons. 



12 7 

119 

110 

100 

90 

81 

73 


L. Unsupported Length 

in 


x 

131 

124 

116 

• 07 

99 

9 1 

82 


A. Cross Section 1 

of Columrr. 

9 

i 

148 

140 

131 

121 

112 

103 

94 


D. : 

Side of 1 

Column in Inches. 


w 

164 

1 55 

145 

•34 

•23 

•'3 

103 








X 

i 5 o 

143 

135 

126 

118 

109 

100 

92 







i 

169 

161 

•53 

•43 

•33 

*23 

114 

io 5 







I'A 

187 

179 

169 

[58 

147 

•36 

126 

116 







IX 

206 

196 

r 86 

•74 

162 

i 5 o 

*38 

127 







i 

190 

>83 

•74 

i 65 

1 55 

144 

•35 

125 

116 






i‘A 

211 

203 

•93 

'83 

172 

160 

i 5 o 

•39 

129 






IX 

232 

223 

212 

201 

189 

*77 

166 

1 5 4 

•42 






IX 

25 I 

242 

230 

218 

205 

191 

179 

167 

•57 






IX 

234 

226 

217 

207 

196 

1 85 

• 74 

'63 

•53 

•43 





IX 

258 

249 

239 

228 

216 

204 

192 

•79 

167 

156 





i-X 

279 

270 

260 

247 ' 

235 

221 

208 

195 

182 

169 





IX 

301 

292 

280 

267 

253 

239 

225 

210 

•97 

184 





IX 

257 

25 o 

241 

231 

221 

210 

•99 

187 

176 

1 65 

155 



13 

IX 

283 

275 

266 

265 

243 

232 

219 

206 

•94 

182 

17 * 



m 

308 

299 

289 

2 77 

265 

25 o 

237 

224 

211 

198 

186 




IX 

332 

323 

3 • 2 

299 

286 

271 

257 

242 

228 

214 

200 




IX 


301 

292 

282 

271 

259 

247 

234 

221 

209 

*97 

186 


14 

ix 


328 

3*8 

306 

294 

281 

268 

25 4 

240 

227 

2*4 

202 



ix 


3S4 

343 

33 * 

3*8 

304 

290 

275 

260 

2 4 5 

23 * 

219 



m 


380 

368 

355 

34 i 

326 

3 11 

295 

279 

263 

248 

234 






347 

336 

324 

3 * • 

298 

284 

270 

256 

243 

230 

218 

15 

IX 



375 

363 

35 o 

336 

322 

307 

292 

2 77 

263 

249 

235 

15/8 



402 

390 

376 

361 

345 

329 

3*3 

297 

282 

267 

252 


IX 



430 

416 

401 

385 

368 

35 i 

334 

3*8 

302 

286 

270 


ix 




395 

383 

369 

354 

339 

324 

3*o 

295 

28! 

267 

16 

15/ 




424 

411 

396 

380 

364 

348 

332 

3*6 

301 

286 


IX 




453 

439 

423 

407 

389 

37* 

354 

338 

322 

306 


"i w ~ 





480 

466 

4 5. 

435 

419 

403 

387 

370 

354 

18 

IX 





514 

498 

482 

465 

448 

43* 

4*4 

396 

379 







5 4 6 

529 

512 

494 

476 

458 

440 

421 

403 


*X 






573 

558 

542 

525 

5o8 

490 

472 

455 

20 

iX 






609 

593 

576 

558 

540 

5ii 

502 

58 4 

2 






646 

628 

610 

591 

572 

553 

5 33 

5*3 


2 / 






681 

663 

644 

624 

603 

58 3 

562 

5 4 1 


IX 







633 

617 

60 [ 

58 4 

566 

549 

53* 

22 

ix 







674 

657 

639 

621 

603 

58 4 

565 

2 







714 

696 

678 

659 

639 

619 

599 


2 / 







7 S 4 

735 

7*6 

695 

674 

653 

632 


2 / 








827 

807 

787 

767 

747 

725 

24 

?X 








870 

85o 

829 

808 

786 

764 

2X 








9 • 3 

892 

870 

848 

825 

801 


2X 








956 

934 

9»* 

888 

864 

85 9 









































EXPANDED METAL 
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Safe Loads, in Ions, for Round Cast Columns. 


In accordance with the Building Laws of Chicago. 


m 
. In 
Me 

Tlucjrnc 
• lotto. 

* 

UNSUPPORTED LENGTH. IN FEET 

6 

8 

10 

12 

14 

16 

18 

20 

22 

1 24 

'26 

| 28 

I 30 

6 

X 

n 

5 o 

5; 

43 

5 o 

37 

42 

32 

36 

27 

3 > 





Factor. 

8 . 

1 


7 

X 

n 

62 

7 > 

56 

64 

49 

57 

43 

49 

38 

43 

33 

}8 




5 A 

Formula : W - a 

f 6oo D* 

, Safe Load In Tons. 

Cross Section of Cofumfh. 
Unsupported Length In 
inches. 

Diameter, in Inches,, 

8 

X 

H 

i 

75 

86 

97 

69 

79 

89 

62 

7 > 

81 

56 
64 
7 2 

5 o 

57 

44 

5 o 

56 

39 

44 

5 o 


w 

A, 

L, 

9 

1 

I'A 

JOI 

1 *3 

126 

94 

io 5 

>'7 

86 

97 

107 

78 

88 

97 

70 

79 

88 

63 

7 > 

79 

57 

64 

7 > 


D. 

10 

H 

l 

1 !4 
ii£ 

116 

1 3 ° 
>45 

1 58 

109 

122 

>36 

>49 

101 

114 

126 

>39 

93 

io 5 

>>7 

128 

85 

96 

>07 

>17 

78 

88 

97 

107 

7 > 

80 

88 

97 

64 

72 

80 

88 






11 

i 

i 'A 
i X 

m 

>47 

'63 

>79 

195 

>39 

1 55 

>70 

1 85 

' 3 
146 
160 

>74 

122 

>36 

>49 

162 

"3 

1 26 
138 
i 5 o 

104 

(16 

>27 

138 

96 

106 

117 

127 

88 

97 

107 

>J 7 

80 

89 

98 

106 





12 

1 l A 

1 % 
m 

1 X 

181 

>99 

217 

2 34 

>74 

191 

207 

224 

(65 

r 81 
197 

212 

1 55 . 

>70 

1 85 

200 

> 4 5 

>59 

>73 

187 

> 3 * 

148 

161 

>73 

125 

>37 

>49 

161 

1 15 

127 

>38 

>49 

106 

> >7 
>2 7 

>37 

98 

108 

>>7 
l 26 




13 

i l A 

IX 

m 

i'A 

200 

219 

239 

258 

192 

211 

230 

248 

184 

202 

220 

237 

>74 

191 

208 

225 

164 

180 

196 

21 2 

1 5 4 

169 

184 

>99 

>44 

1 58 
>72 
186 

>34 

>47 

160 

>73 

125 

>37 
>49 
r 61 

1 16 

>27 

>38 

>49 

107 

1 >7 
128 
>38 



14 

i V\ 

1/8 

1/ 

154 


*32 
= 53 
273 
293 

223 

243 

263 

282 

2>3 

232 

2 5 1 
269 

202 

2 20 
238 
255 

>91 

207 

224 

241 

180 
>95 
211 

227 

168 

>83 

198 

212 

>57 

> 7 > 

1 85 
198 

>47 

160 

>73 

1 85 

> 37 ' 

>49 

161 

>73 

128 

>39 

i 5 o 

161 


15 

i H 

i X 

1/8 

1/ 



266 

287 

3°9 

329 

255 

276 

296 

316 

243 

263 

283 

301 

2.3 > 
25 o 
268 
286 

2>9 

236 

254 

271 

206 

223 

239 

255 

194 

210 

225 

24O 

182 

>97 

211 

225 

171 

1 85 
198 
211 

160 

>73 

186 

198 

i 5 o 

162 

>74 

1 85 

16 

l X 

15/8 

l ¥ 




301 

323 

345 

288 

3 >o 

33 1 

275 

296 

316 

262 

282 

300 

248 

267 

285 

235 

253 

270 

222 

239 

254 

209 

225 

2 19 

>97 

212 

225 

1 85 

>99 

2 1 2 

18 

m 

i/ 
i n 





366 

39 > 
4*5 

35 > 

375 

399 

337 

360 

383 

322 

344 

366 

307 

328 

349 

293 

3 1 3 
333 

279 

298 

3 > 7 

264 
23 2 
300 

25 I 

268 

285 

20 

1 X 

m 

2 

254 






435 

463 

490 

5 > 7 

420 

447 

473 

499 

404 

43 > 
456 
481 

389 

414 

438 

462 

373 

397 

420 

443 

357 

380 

402 

425 

34 > 

363 

384 

406 

326 

347 

367 

387 

22 

ix 

in 

2 

2% 







480 

5 i r 
541 

58 1 

464 

494 

524 

562 

448 

478 

5 o 6 

543 

432 

461 

4 88 
524 

416 

443 

470 

504 

400 

426 

452 

4 85 

384 

409 

434 

465 

24 

2'A 

2 X 

2A 

2 / 








626 

668 

691 

724 

608 

639 

671 

703 

589 

620 

65 o 

681 

570 

600 

629 

659 

55 o 

579 

608 

637 

53 > 

559 

587 

6> t 
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Safe Loads, in Tons, for Square Cast Columns. 

In accordance with the Building Laws of Boston. 

Side. 

Inches 

rwclcnes 

In 

Inches. 

3 . 

UNSUPPORTED LENOTH, IN FEET. 

6 

8 

10 

12 

14 

16 

18 

20 

22 I 24 I 26 I 28 I 30 

6 

/ 

n 

70 

79 

64 
7 2 

58 

65 

52 

58 

46 

52 




Fa 

ictor, 8. 

rmula: W — 

5 A 

7 

/ 

n 

8 7 

98 

81 

9 i 

74 

84 

67 

77 

61 

70 

55 

63 



Fo 

,+ ,Wi> 

8 

h 

n 

i 

101 

t16 

l 3 ° 

96 

110 

123 

90 

103 

116 

«4 

96 

108 

77 

88 

99 

7 i 

81 

9 > 

65 

74 

83 


1 •JUll, LOau. 

A, Cross section. 

L, Length in inches. 

D, Side in inches. 

9 

n 

i 

ML 

>34 

1 5 1 
167 

128 

145 

160 

122 

137 

I 52 

114 

129 

J -43 

107 

120 

..>.33 

99 

112 

124 

92 

104 

1 1 5 

85 

96 

107 






10 

a 

i 

iy 

1 5 

172 

190 

209 

146 

166 

184 

201 

140 

1 58 
176 

1 93 

>34 

i 5 r 

167 

183 

126 

•43 

1 58 

•73 

••9 
•34 
r 48 
• 63 

111 

125 

•39 

1 52 

104 
117 
• 30 

142 

97 

109 

121 

•33 





11 

lA 

iy 

i A 

192 

2>3 

234 

254 

r 86 
207 ’ 
227 

247 

180 

200 

220 

238 

172 

191 

211 

228 

164 

182 

201 

217 

1 55 
172 
190 
205 

•47 

163 

•79 

194 

138 

1 54 
169 

•83 

• 30 
•44 
159 
•72 

(22 

•35 

•49 

161 




12 

i A 

\y 

m 

1 A 

238 

261 

283 

305 

23 ‘ 

254 

276 

297 

223 

246 

267 

288 

21 5 

237 

25 7 

2 77 

207 

228 

247 

266 

198 

218 

236 

254 

188 

207 

224 

242 

•78 

196 

213 

229 

168 

1 85 
ioi 
21 7 

*59 

175 
. 190 

205 

1 5 1 

(66 

180 

•94 



13 

1 A 

iy 

13/8 

iy 

260 

286 
3 ' 1 
335 

254 

279 

304 

328 

247 

272 

296 

3 i 9 

240 

264 

287 

3io 

23* 

254 

276 

298 

222 

244 

265 

286 

213 

234 

254 

275 

202 

223 

242 

262 

192 

212 

230 

248 

•83 

20 i 

219 

236 

•74 

191 

208 

224 

(65 

(82 

• 97 
2>3 


14 

iy 

13/8 

iy 

i A 


306 

332 

359 

385 

299 
325 
35 1 
376 

290 

3*5 

34 i 

365 

282 

305 

330 

354 

271 

295 

319 

342 

260 

283 

306 

328 

25 o 

272 

294 

3*5 

240 

261 

282 

302 

229 

249 

269 

289 

218 

237 

256 

275 

207 

226 

244 

26( 

(98 

2(5 

232 

249 

15 

13/8 

iy 

1S/8 

13 / 



354 

382 

410 

438 

345 

373 

400 

427 

335 

362 

388 

41 5 

324 
351 
376 
402 

3»4 

339 

364 

389 

303 

327 

35 i 

375 

291 

3*4 

337 

360 

279 

301 

323 

345 

26 7 
288 

309 

330 

255 

276 

296 

316 

2 43 

263 

282 

302 

16 

1/ 

15/8 

1/ 




405 

434 

464 

394 

423 

452 

383 

411 

439 

37 • 
398 
425. 

359 

385 

4 • • 

346 
37 2 
397 

333 

359 

382 

320 

345 

367 

308 

33 * 

35 3 

295 

3*7 

339 

18 

15/8 

*/ 

1/8 





492 

526 

559 

481 

514 

546 

468 

5 oi 

$32 

456 

488 

5 19 

444 

475 

504 

430 

460 

488 

4(6 

445 

473 

402 

430 

457 

387 

414 

440 

20 

1/ 

m 

2 

LX . 






588 

625 

662 

699 

576 

613 

649 

685 

56 a 
. 598 
634 
669 

549 

58 4 

619 

65 3 

5 3 5 

56 q 

603 

636 

520 

553 

586 

618 

5 o 6 

538 

570 

601 

49 i 

522 

553 

58 3 

22 

i/ 

m 

2 

2 a 







649 

691 

733 

774 

638 

679 

720 

760 

624 

664 

704 

743 

611 

65 o 

690 

728 

597 

635 

674 

7 ii 

58 3 

620. 

658 

694 

567 

604 

640 

676 

24 

2 A 

2 y 

2^4 

2/ 








849 

895 

939 

983 

835 

879 

922 

965 

618 

862 

904 

946 

802 

845 

887 

928 

786 

828 

868 

909 

768 

809 

848 

888 
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Sal 

e Loads, in Tons, for Round Cast Columns. 

In accordance with the Building; Laws of Boston. 

Diam 

, 'In 

Indie 

Tiicfcoes 

lock 

. 



UNSUPPORTED LENGTH, IN FEET. 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

6 

K 

n 

53 

6o 

47 
5 3 

4 ' 

47 

36 

4 i 

31 

36 




i 

-actor, 1 

J. 



7 

k 

n 

6b 

74 

60 

69 

54 

62 

48 

55 

43 

49 

38 

43 



Formula : W : 

= .+ L2 

800 D* 

8 

k 

Vs 

i 

78 

89 

100 

73 

83 

93 

67 

76 

86 

61 

70 

78 

55 

63 

7 ' 

5 o 

57 

64 

45 

5 i 

58 


- w, 
A, 

fc 

Safe Load. 

Cross section. 

Length in inches. 

Diameter in inches. 

9 

K 

l 

IK 

Ju 3 

116 

129 

98 

110 

122 

92 

103 

114 

85 

9 5 

io 5 

78 

87 

97 

7 ' 

80 

89 

65 

73 

81 

5 9 

67 

74 






10 

K 

1 

iy * 

IK 

118 

'34 

148 

162 

11 2 

127 

'4' 

'5 4 

106 

1 20 

'33 

146 

100 

1 12 

125 

'37 

93 

io5 

116 
127 

86 

97 

108 

118 

79 

89 

99 

109 

73 

82 

9' 

100 

6 7 
86 
84 
92 





11 

W 

1 K 

iyk 

t5o 

166 

'83 

198 

'43 

159 
175 
190 

'30 

1 52 
167 
181 

129 

M4 

158 

17' 

122 

'35 

'49 

161 

"4 

1 26 

'39 

151 

106 

118 

129 

140 

98 

109 

120 

'30 

9' 

102 

111 

121 

‘ 84 
76 
103 

111 




12 

i*4 

iK 

m 

IK 

186 
204 

222 

240 

178 

196 

2'3 

230 

170 

.87 

204 

220 

162 

'79 

195 

209 

154 
169 
184 
198 

146 

160 

'74 

'87 

'37 

j 5 o 

'63 

176 

128 

141 

'53 

165 

120 

'3' 

'43 

154 

1 1 2 

'23 

'34 

144 

104 

"4 

124 

'34 



13 

IK 

IK 

13/8 

IK 

205 

225 

245 

265 

'97 

217 

236 

255 

190 

208 

227 

245 

182 

2QO 

217 

235 

'73 

190 

207 

224 

165 

181 

'97 

2'3 

i56 

171 

'87 

202 

'47 

162 

176 

190 

'38 

1 52 

165 
178 

'30 

'43 

156 

168 

1 22 

'34 

146 

158 

115 
l 26 

'37 

148 


14 

} K 

l/s 

IK 

l/s 


23* 

259 

280 

30' 

230 

2 5 o 
270 
290 

221 

24O 

259 

278 

212 

231 

2 5 o 
268 

203 

221 

239 

256 

'93 

•210 

227 

243 

183 

'99 

.216 

231 

173 

189 

204 

219 

164 

179 

'93 

207 

i5 4 

169 

181 

195 

146 

159 

171 

184 

'37 

'49 

161 

1 73 

15 

1 3 A 

IK 

1/ 

I2L. 



273 

295 

317 

338 

264 , 
285 
306 
326 

254 

275 

295 

314 

244 

264 

283 

302 

233 

252 

271 

289 

223 

241 

25 9 

276 

212 

229 

247 

263 

202 

218 

234 

25 o 

191 

207 

222 

237 

.8. 

196 

210 

171 

1 85 

'99 

16 

i K- 

1/8 

IK 




3'0 

333 

355 

■300 

322 

344 

290 

3 '' 

332 

278 

299 

3'9 

266 

286 

305 

255 

274 
29 2 

243 

2 6 l 

279 

232 

249 

265 

220 

236 

219 

225 

18 

154 

IK 

1/8 





377 

402 

427 

366 

39 ' 

4'5 

354 

379 

403 

342 

366 

389 

329 

352 

374 

3*7 

338 

360 

3'4 

325 

346 

292 

3'2 

J 

279 

298 

20 

l K 

IK 

2 

254 






449 

478 

5 o 7 

534 

437 

466 

493 

520 

425 

453 

479 

5 06 

412 

439 

465 

490 

398 

424 

449 

47 ? 

385 

410 

434 

457 

37 ' 

395 

418 

3*7 

357 

380 

403 

22 

IK 

1/8 

2 







496 

528 

56 o 

592 

484 

5 1 5 
546 
577 

472 

502 

532 

552 

459 

488 

5 i 7 

447 

445 

474 

502 

S31 

432 

459 

487 

S1 5 

424 

4'7 

444 

47 * 

do8 

24 

. 

2K 

2K 

m 

2 K 








648 

682 

716 

75o 

634 

667 

700 

733 

619 

652 

684 

716 

604 

636 

668 

699 

58 7 

618 

649 

679 

569 

599 

629 

659 
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EXPANDED METAL 


Safe Loads, in Tons, on Steel Angles, used as Struts. 

According to Building Laws of New York, Chicago and Boston. 

Tabulated Safe Load is In Tons of 2,000 lbs. Struts are considered as Square Ended. 

Radius and Section of each Angle taken at an Average Value. Limit of - = 185. 

12,000 

Formulae: For New York and Boston, P = L 3 For Chicago, 17,000 - 60 ^ or P = 13,500 

3<5,ooo R » 

when L is less than 60 R. 

P is Safe Load, per Square Inch. L is Length of Member, in Inches, between Connections. 

R Is Least Radius of Gyration of Section in Inches. 


UNSUPPORTED LENOtH, IN FEET. 



ANGLE. 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 


6x6x% 

5 o.o 

49.1 

48.0 

46.6 

45.2 

43*6 

' 41.9 

1 40.1 

384 

36.5 

’ 34*9 

33*2 

31.6 


6x6x% 

25.5 

25.0 

24.5 

23.8 

23.0 

22.2 

214 

20.5 

19.6 

18.7 

17*8 

16.9 

16.1 


6 x 5 x% 

42.5 

41.1 

40.1 

38.5 

.36.8 

35.3 

334 

31.5 

29.7 

28.2 

26.5 

24.5 

23.2 


5 x 5 x% 

20.8 

20.1 

19.6 

18.8 

18.0 

17.3 

16.4 

15.4 

14.5 

13.8 

« 3 -o 

12.0 

114 


4 x 4 x% 

27.0 

25.9 

24.6 

23-3 

21.8 

204 

19.0 

17.5 

16.2 

1 5.0 




c 

4 x 4 x% 

16.3 

15.7 

14.9 

14.1 

13-2 

12.3 

11.4 

10.6 

9.8 

9.1 





3 %x 3 YaxYa 

18.7 

J 7.8 

16.7 

1 5.6 

14.9 

13-2 

12.1 

11.2 






CQ 

3 %x 3 %x G /io 

11.6 

11.1 

10.4 

9-7 

9.2 

8.2 

7-5 

7.0 







3 x 3 x 36 

1 5.1 

14.1 

13-0 

11.9 

10.8 

9.7 

8.7 







8 

3 x 3 x%« 

9*7 

9.1 

8.4 

7.6 

6.9 

6.2 

5.6 







y 

2%x2%x% 

10.8 

10.1 

94 

8.7 

7.8 

7-1 

6.4 







0 

2 %x 2 %x 34 

7.2 

6.7 

6.2 

5.7 

5.2 

4.7 

4.2 







>• 

2V ax 2%x% 

9-4 

8.5 

7*7 

6.8 

6.0 









l 

236 x 236 x 34 

6.3 

5.7 

5 .r 

4.5 

4.0 









z. 

234 x 234 x% 

8.2 

7.5 

6.7 

5.9 

5.2 










23 ix 2 %x 34 

5.4 

4.9 

44 

3-9 

34 










2x2x% 

6.6 

6.0 

5.3 

4.6 

4.1 










2 x 2 x 34 

. 4.9 

4.4 

3-9 

34 

3 -o 










l%xl%x% 

5.8 

4.8 

4.0 












l%xl%x<Ke 

2.8 

2-3 

2.0 












6x6x% 

57.7 

5 7.7 

57.7 

57.7 

54.1 

5 i .5 

48.9 

464 

43-8 

4>*3 

38.7 

36.1 

32.9 


6x6x% 

29.4 

294 

29.4 

29.4 

27.6 

26.3 

25.0 

23.7 

22.3 

21.0 

19.7 

184 

16.8 


5 x 5 x% 

49-7 

49-7 

49.7 

46.6 

43-8 

4 >.o 

38.8 

36.1 

33-3 

3 M 

28,3 

25.0 

22.8 


6x5x% 

24*3 

24.3 

24.3 

22.8 

21.4 

20.1 

19.0 

17.6 

16.3 

15.4 

13-9 

12.2 

111 2 


4 x 4 x%' 

32.1 

32 .i 

29.7 

27.6 

25.4 

23-3 

21.1 

19.0 

16.9 

14.7 





4 x 4 x% 

19.4 

19.4 

17.9 

16.6 

15.4 

14.1 

I 2.8 

1 1.5 

10.2 

8.9 





336 x 336 x 36 

22.6 

21.4 

19.9 

18.2 

164 

14.9 

12.9 

11.4 







336 x 336 x%« 

14.1 

134 

12.4 

”•3 

10.2 

9-3 

8.0 

7-1 






p 

3 x 3 x 36 

.18.7 

16.9 

15.2 

13.6 

11.9 

10.3 

8,6 







bO 

s 

3 x 3 x%o 

12.0 

10.9 

9.8 

8.7 

77 

6.6 

5.5 








2 %x 234 x% 

> 3-3 

T 2,0 

10.8 

97 

8.5 

7-3 

6.r 







a 

294 x 234 x 34 

8.8 

8.0 

7.2 

6.4 

5.6 

4.8 

4.1 








236 x 236 x% 

1 1,5 

10.2 

8.8 

7*6 

6.1 










236 x 236 x 34 

7-7 

6.8 

5.9 

5.1 

4.1 










2 Y*x 234 x% 

9.8 

8.6 

74 

6.1 

4.9 










234 x 2 YM 

6.5 

5.7 

4.9 

4.0 

3-3 










2x2x?6 

8.8 

7.6 

6.6 

5.4 

4.3 










2 x 2 x 14 

5.8 

5 .o 

4-3 

3-5 

2.8 










194 xl%x% 

7.0 

5.6 

44 












l%xl%x%o 

3.4 

i.8 

2.1 

. 








. 
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Safe Loads, in Tons, for Steel Columns, 

H Built of One Plate and Four Angles, Short Leg against Plate as shown. 

According to Building Laws of New York, Chicago and Boston. 

Tabulated Safe Loads are In Tons of 2,000 lbs. 

12,000 

Formulae : For New York and Boston, P = La For Chicago, P = 17,000 — 60 when 

36,000 R a 

length Is 60 radii or over, or P = 13,500 when length is less than 60 radii. 

P is Safe Load, in Pounds, per Square Inch. L Is Unsupported Length, In Inches. 

R is Least radius of Qy ration.; 



SECTION. 

UNSUPPORTED LENflTH, IN FEET. 

A ANGLES 

1 PLATE 

8 

9 

10 

11 

12 

13 

14 

16 

16 

18 

New York and Boston. 

6x4x% 

6x4x% 

13x% 

13x% 

,iS5.8 

109.2 

183.5 

107.6 

181.3 

105.9 

178.3 

104.2 

175.4 

102.2 

172.5 

100.1 

i6’9.5 

98.0 

166.1 

96.0 

162.7 

94.0 

155.5 
89-1 

6x3V4x% 

6x3Vfix% 

13xy 8 

13x% 

177.8 

10S.2 

175.6 

103.7 

173-4 

102.1 

171.0 

1004 

168.4 

98.5 

165.5 

96.5 

162.5 

94.5 

159.3 

92.5 

156.o 
90.5 

149.4 

86,1 

5x3 j /3X% 

5x8%x% 

llx% 

1 lx% 

*37.i- 

91.5 

134.6 

89.3 

132.0 

87.0 

129.3 

85.8 

126.6 

83.6 

123-7 

8i.5 

120.7 

79*3 

117.6 
77.o 

114*6 

74*7 

108.3 

70.1 

5x3x% 

5x3x% 

llx% 

llx% 

129.8 

86.1 

127.3 

84.4 

124.8 

82.7 

122.3 

80.7 

119.6 
78.7 

117.8 

76.7 

114.8 
74.7 

111.6 
72.7 

109.3 

70.3 

102.9 

664 

4x3x% 

4x3x'Ha 

9x91o 

9x%o 

85.9 

60.4 

83.7 
. 58.6 

81.6 

56.9 

79.3 

55.2 

76.9 

53.5 

74-5 

51.7 

72.1 

49.9 

69.7 

48.1 

67.3 

46.2 

62.5 

42.7 

3Vax3x% 

3%x3x%e 

8xy 10 

8x%o 

774 

5 4 .i 

. 75.1 

52.3 

72.7 

5o.5 

70.2 

48.7 

67.7 

46.9 

65.2 

45.0 

62.7 

43*2 

60.3 

41.4 

57.8 

39*6 

52.9 

36.0 

8%x2%ic% 

3%x2 

8x% 

8xV 4 

74.6 

40.8 

72.7 

39.4 

70.8 

38.0 

68.7 

36.7 

66.5 

35.4 

64.3 

34.o 

62.1 

32.6 

60.0 

31*3 

57.8 

29.9 

53.5 

27.2 

3x2 

3x2%xy* 

7x34 

7x94 

63.8 

35.7 

61.6 

34.3 

59.4 

32.9 

57.2 

31.5 

55.0 

'30.1 

52.7 

28.7 

5 o .4 

27.3 

49.1 

26.9 

45.9 

24.5 

41.8 

2 2.1 

3x2x% 

3x2x34 

7x34 

7x34 

59.5 

33-4 

57.5 

32.1 

55.7 

30.9 

53-7 

29.6 

5i.7 

28.3 

497 

27.0 

47.6 

25.7 

45.7 

244 

43-8 

23.1 

39.9 

20.9 

234x2x% 

2%x2xH 

6x34 

‘ c x y 4 

39.3 

27.9 

37.6 

26.4 

35.9 

2 5.0 

34.2 

23.7 

32.5 

22.5 

30.9 

21.3 

29.3 

20.1 

27.7 

18,9 

26.2 

17.8 

23.6 

15.8 

Chicago. 

Cxi x% 
6x4x% 

13x% 

13x% 

220.0 

130.1 

220.0 

130.1 

2 20,0 
130.1 

220.0 

127.6 

214.5 

124.3 

209.3 

121.0 

204.1 

117.7 

198.9 

1 lk.4 

193.6 

rn.i 

183.2 

6x334x% 

6xS34x% 

13x% 

,13x% 

210.3 

125.3 

210.3 

125.3 

210.3 

125.3 

210.3 

122.9 

2 o 5.6 

119,8 

200.6 

116.6 

195.6 

113.5 

190.6 

110.3' 

185.6 
107.1 

17S.7 

100.6 

r>x3y 2 x% 

6x334x% 

llx% 

llx% 

164.8 

1 io.5 

164.8 

1 io.5 

161.5 

106.6 

157.1 

103.3 

152.5 

100.0 

147.9 

96.8 

143.2 

93.5 

138.8 

90.2 

134.2 

86.9 

124.9 

80.4 

•5x3x% 

6x3x% 

llx% 

llx% 

155.8 

104.8 

155.8 

104.8 

153.4 

100.0 

149.2 

97.5 

144.8 

944 

140.7 

91.3 

136.3 

88.0 

132.1 

84.9 

127.7 

81.8 

119.2 
75.6 

4x3x34 

4x3x<He 

9x9io 

9x%« 

io5.5 

73-8 

101.9 

V ' 1 

98.3 

68.5 

94.6 

65.9 

91.2 

63.2 

87.5 

60.5 

83.9 

57.8 

80.3 

55.i 

76.8 

52.5 

69.5 

47.2 

334x3x34 

334x3x*H« 

8x%o 

8x^0 

93-8 

65.6 

90.2 

62.8 

86.6 

60.0 

82.8 

57.4 

79-2 

54.6 

75.6 

51.8 

71.8 

49.1 

68.2 

46.4 

64.8 

43*6 

57.1 

38a 

334x234x34 

334*234xy 4 

n 8xy* 

8x J / 4 

91.5 

49-5 

88.3 

47.5 

85.o 

45.4 

81.8- 

43-4 

78.5 

41.3 

75.3 

39.2 

72.2 

37.7 

68.9 

35.1 

65.7 

33* 1 

59.2 

28.9 

3x234x34 

Sx2%xy 4 

7xy* 

7x’/ 4 

77-1 

42.9 

73.8 

40.8 

70.4 

38.7 

67.1 

36.6 

63.8 

344 

604 

32.3 

57.1 

30.2 

53.8 

28.1 

5o.5 

26.0 

43-8 

21.8 


3x2 x34 

3x2xy 4 

7 x y* 

7x x i 

72.1 

40.2 

69.2 

38.9 

66.3 

36.4 

63.2 

34*4 

60.2 

32.5 

57.2 

30.5 

54.2 

28.6 

5 i .2 

26.7 

48.2 

24.8 

42.3 

20.9 

2 x 4x2x% 

2 1 ix2x*£ 

6x x 4 

6x x 4 

46.9 

32.5 

44-5 

30.5 

42.0 

28.5 

39-5 

26.5 

37-0 

24.5 

34-5 

22.5 

32.1 

20.5 

29.6 

18.6 

27.1 

16.6 

22.2 

12.6 
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Safe Loads, in Tons, for Steel Star Columns. 

According to Laws of New York, Chicago and Boston. 

Tabulated Safe Loads are in Tons of 3,000 lbs. Angles as shown, and considered as 
being separated ¥g of an inch. 

13,000 

For Chicago, P = 17,000 Oo - when 


Formula:: For New York and Boston, P = 


1 +- 


La 


36,000 R a 

length Is 60 radii or over, or P = 13,500 when length Is‘less than 60 radii. 

P Is Safe Load in Pounds per Square Inch. L is Unsupported Length in Inche9. R is Least Radius 
of Gyration of Section in Inches. ^ The average Radius of Gyration of the two sections is used. 
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WIND BRACING-. 


There is no accepted practice in regard to securing horizontal 
or lateral stiffness in buildings at the present time. The tendency 
is, however, to treat the more lofty skeleton buildings as steel 
structures, fireproofed. If they are thus classed as engineering 
structures, it seems but rational that they should depend on the 
metal, and that alone, for their positive strength, both as to load 
carrying capacity and ability to withstand the distorting and 
destructive wind pressures. The value of veneer walls cutup by 
openings and supported partitions likewise more or less fragment¬ 
ary, as a stiffening element, must of necessity be very small. 

In the horizontal direction, it has generally been assumed that 
the floor construction of metal filled with the material used for the 
lloor, constitutes a mass rigid enough in itself to transmit all hori¬ 
zontal loads, in any floor from end wall to end wall, if it has no 
^r e 5 bracill S> or between the braced portions of any floor, 

nle this is the general practice, there are buildings in which flat 

til 5 7 lntr ° duced in ^e floors to take up such horizon- 

is or m oac s, and carry them to the braced portions, either 
walls at ends, or to braced bays, as the case may be. 

While lateral rigidity may be obtained, by using girders built 
o angles and plates of good depth, by riveted connections at 
columns, and by breaking joints of columns at the different floor 
levels having about half of the columns break at one floor, and the 
rest at the floor next above, all the columns being of two story 
lengths, so that each column will break joints with the next—it is 
not positive and certainly not acceptable as good practice. 

Apart from the consideration of the wind, and an item rarely 


considered, is the vibration always present in manufacturing build¬ 
ings; the pull on belts, no inconsiderable factor, the pulsations of 
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machinery, and especially shocks due to stoppage at the end of the 
travel. The effect of these last must, if considered, be approxi¬ 
mated. A change of lease might introduce different machines and 
different motive force, and attention has been called to these only 
to instance that after wind bracing has been introduced, and the 
refinement has been questioned, it can be held that the extra rigid¬ 
ity is desirable. 

By reasons of connective defects, cast iron is not a suitable 
metal for buildings that are to be well braced. It will be contended 
that cast iron affords a good and cheap column, but the thorough 
splicing necessary to secure continuity, and to withstand the shear 
at the splice cannot be assured in cast iron ; while the common lug 
connection, by means of bolts, allows sufficient play to destroy 
rigidity at joints, and transgresses the first law of good workman¬ 
ship, riveted joints for bracing and column connections. 

Dismissing the question of wliat horizontal or transverse bra¬ 
cing may be required in the floors of buildings, with the state¬ 


ment that the floor 
materials are inade¬ 
quate to take up a 
proper amount of 
present distortional 
loads, except for 
small areas, and 
dealing only with 
the lateral stiffness, 
it will be found that 
thirty pounds per 
square foot of ex¬ 
posed area to wind¬ 
ward may be as- 





FIG, I, 


FIG, I, 


sumed as a practical figure for possible pressure due to wind. It 
will be understood that the area exposed to the wind is only that 
area which is unprotected or above adjoining buildings ; and that 
thirty pounds per square foot represents about the maximum force 
exerted by the wind in what is considered a great storm. 

All types of bracing may be reduced to two forms: the diagonal 
(fig. i), which is the cheaper and better, and the knee brace (fig. 2 ), 
which is more expensive. To this latter class belong the portal 
bracing, introduced to secure the result and permit of architectural 
treatment, and first used in the shape of a curved solid web in the 
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Old Colony Building in Chicago — a modification of and quite de¬ 
cided departure from the first portal bracing which was used in the 

Monadnock. 

The computation of 
either form presents 
no difficulty ; and a 
typical computation 
is here given for both. 
The loads due to the 
wind must be taken 
up by its own system 
and transmitted to 
the ground. The shear 
at any floor is equal 
to the sum of all the 
shears above — that 




is, the building is analyzed by treating it as 
a cantilever truss supported or fixed at the 
ground. 


the computation of a diagonal 

SYSTEM. 


Fig. 3 is a thirteen-story building above 
the sidewalk, and is protected on the wind¬ 
ward side by an adjoining building which 
reaches to the seventh floor. The lot width 
is such that the column centers are twenty- 
two feet across the building ; and the center- 
f ° ?^ C0 * umn f l° n gitudinally is eighteen 

ee . a ~ing the wind at 30 pounds per square 
toot, acting normally on side wall, we shall 
have for ; 


Shear at roof. 

“ 13th floor 

“ 12 th “ 

“ nth “ 

“ 10th “ 

“ 9th “ 

“ 8th “ 

“ 7th “ 


6x 18x30= 3,240 tbs 
18x18x30= 9,720“ 
30x18x30=16,200 “ 
42 x 18 x 30 = 22,680 “ 
54x18x30 = 29,160 “ 
66x18x30 = 35,640 “ 
78 x 18 x 30 = 42,120 “ 
84 X 18x30 = 45,360 “ 
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The stress in the diagonals will be ; 

Tension in 13th floor diagonal.. 3,240 x 1.14 = 3,693 pounds. 

“ 12th “ .. 9,720x1.14=11,080 

“ nth “ ..16,200x1.14 = 18,468 

“ 10th “ ..22,680x1.14 = 25,855 

“ 9th “ ..29,160x1.14 = 33,242 

“ 8th “ ..35,640x1.14 = 40,629 

“ 7th “ ..42,120x1.14 = 48,016 

“ 6 to 1 “ ..45,360x1.14 = 51,710 

“ Basement “ ..45,360x1.12=50,803 

The quantities, used as multipliers, are the secants of the angles 
which the diagonals make with the line of force, or the floor 
girders in this case. The several municipal laws prescribe the al¬ 
lowable tension per square inch that may be imposed on these 
diagonals. It will be seen that with the small stress in the upper 
bays as is determined by the calculation, very small bars would re¬ 
sult. As the bars must be provided with turnbuckles — other screw 
adjustments are not so good a detail — it will be seen that in bringing 
them to bearing on the pins, a certain amount of initial strain will 
be introduced. It would be well then to limit the size of the bars 
to 7 /%" square for the minimum, and to use square bars in prefer¬ 
ence to rounds in order that full bearing may come on the pins at 
the ends, and use the regular bridge eye bar for those diagonals 
which require such an amount of metal as would render a square 
bar cumbersome, and interfere with being placed in the partition 
limits easily. These bars also permit of close packing and short 
pins at the connections. It will be seen in the diagram that the 
members acting in this case are shown in full lines, the direction of 
the wind being indicated by the arrow heads. The dotted diagonals 
will be brought into action by wind from the opposite direction and 
may be computed by the same methods. It will be seen that the 
floor girders take a thrust at each floor equal to the horizontal com¬ 
ponent of the diagonal just below it, and that there exists at each 
floor level a shear, which tends to sweep one stack of columns from 
another, equal to the sum of all the shears above, and also, that 
there is an upward force tending to raise each floor girder from its 
seat, equal to the vertical component of the diagonal just above it. 
The increased compression in the leeward column in any story, 
is equal to the vertical component of the diagonal of that story, 
and is cumulative toward the bottom, and the column at the wind¬ 
ward side is in tension. As the dotted diagonals will act during a 
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reversal of wind, and tend to force the floor girder (used as a strut) 
in the opposite direction, these struts, or girders, should be a faced 
fit. The horizontal shear must be taken care of, and full value 
given to the upward and downward components of the diagonals at 
the joints. The computation for the compression in the leeward 
columns by stories is as follows, referring to fig. 3 ; 


member. 

SHEAR. 

TANGENT. 

increment. 

STRESS. 

I 

3,240 

•545 

1,765 

1,765 

2 

9,720 

•545 

5,295 

7,060 

3 

16,200 

•545 

8,825 

15,885 

4 

22,680 

•545 

. 12,355 

28,240 

5 

29,160 

•545 

15,885 

44,125 

6 

35.640 

•545 

I 9 , 4 i 5 

63,540 

7 

42 ,T 20 

•545 

22,955 

86,495 

8 

45,36° 

•545 

24,721 

111,216 

9 

45,360 

•545 

24,721 

135,937 

10 

45,360 

•545 

24,721 

160,658 

11 

45,360 

•545 

24,721 

185,379 

12 

45,360 

•545 

24,721 

. 2 TO, IOO 

13 

45,360 

•545 

24,721 

234,821 

14 

45,360 

•455 

20,638 

255,459 

The numbered members are those corresponding to 

the figure, 


the shears as before computed. The tangent is the natural tangent 
of the angle which the diagonal makes with the line of force. The 
increment is found by multiplying the individual shears by the cor¬ 
responding tangent; and the stress is the sum of the stress of the 
member just above, and the increment of stress in the member 
itself. The computation of the other system, the dotted diagonals, 
may now be made in the same manner. It is essential in construct¬ 
ion, that is, in the case of the foundations being such that settle¬ 
ment is anticipated, that these lateral Mrs be adjusted to the final 
conditions, as settlement is rarely equal under the two columns of 
f system. The lateral stiffness of the building, in the direction of 
its length, should also be*investigated. 

■, Some authorities do not allow the use of adjoining buildings 
for protecting the proposed structure from the wind. It can be 
argued that fire or rebuilding might at any time expose the building 
to conditions that were not anticipated at the time of its design, but 
it is doubtful if anything but a grave conflagration could so remove 
protecting works so as to allow sufficient sweep for the wind to act 
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normally, and it is only when taken normally, that it can exercise 
anything like the force admitted into the computations. It should 
be borne in mind that in most all buildings the parapet wall of the 
roof projects above roof girders and the wind acts on this, so 
that it is essential that the panel loads at the several points be 
representative of the actual surfaces exposed. The one tie in any 
floor may be omitted in case openings are such that it would be 
desirable, by substituting a strut for the other tie. This having been 
decided, computations must be made for this special case. The 
strut itself must be proportioned to take the reversal tension and 
compression. It is possible with some slight concession in the 
treatment, to carry this system in its integrity through the floors of 
most buildings. If it can be so arranged it will be found cheaper 
and more efficient than the knee brace. 


the computation of the knee brace. 


By referring to fig. 2, the general type may be seen, but in 
most construction the solid web knee is used below the girder only. 
In a rigid structure, as in this case of the knee at both ends of the 
girder, riveted to both girder and column, the theory is that the 
windward knee would be in tension and the leeward knee in com¬ 
pression. If it were possible in actual practice to be assured that 
both knees would not act under the force of wind on either side, 
then the knees might be proportioned for tension only, but as the 
detail presents certain features in the way of positive connection 
and rigidity the shears acting at each floor should be computed as 
before, and then by referring to fig. 4, we will have at any floor 
and in any knee the following stress : Let S equal the total cumu- 
ulative shear at any floor, and consider l / 2 S acting at each side, the 
force on the windward side 
produces a tension in knee 
brace equal to 13, a thrust 
on the column of 54, and 


a downward load on girder 
of 21. These loads on the 
column and girder incident 
to the knee are acting at 
the ends of same. By com¬ 
puting the moments due to 



these loads and proportion- 6 
ing the column and girder 


fig, 4. 
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to resist them, they may be taken care of. On the opposite side, 
the brace will be in compression, equal, but opposite to the other 
brace. The general practice is to proportion both braces for the 
maximum alternating tension and compression, and to insert the 
web for stiffness in connection and also in a measure to stiffen 
the knee angles themselves. By using the graphical analysis as 
shown in fig. 4, making 23 equal to ^ S, and 46 equal to 13, (the 
stress in knee), the distorting force on column and girder, and the 
stress in the knee itself may be more quickly obtained than by an 
analytic solution. 

To obtain the compression in the leeward column in any story, 
apply the individual shears (not the cumulative) at each story and 
multiply each by the distance from its point of application above 
floor in story of which the compression of the column is required, 
divide the sum of these by the center-to-center distance of columns, 
the result is the compression required. I11 most cases, in fact, when 
the dead load is less than tension due to wind only, does the tension 
of the windward columns need to be noted. 

Various authorities differ as to the prominence which this .sub¬ 
ject deserves. Some have assumed high wind pressures per square 
foot of exposed area, and then an allowance is made of some thirty 
per cent, as representing the resisting values of the partitions, etc. 
The remaining seventy per cent, is taken up by the bracing. No 
gain has been made by this manoeuvre. The actual wind pressure 
is just so much as the bracing will permit — no more — no less. 

Walls of good thickness may modify the above slightly. The 
laws of New York and Boston are silent on the subject of wind 
pressure, but Chicago’s laws require thirty pounds per square foot 
°n all buildings which have a height of over one-and-a-half times 
the least horizontal dimension of the building. v 

A point of great interest in the higher buildings is their deflec¬ 
tion or swaying under wind pressure. The rigidity of one of these 
buildings tested during a storm was remarkable. It exhibited 
practically no movement of consequence. This one test has stilled 
many predictions as to what was sure to happen, and has been satis¬ 
factory to the pioneers of the skeleton steel construction. 

With increasing data as to the various qualities of constructive 
metals, will of necessity come a lower factor of safety. It may be 
accepted at the present time that good engineering does not require 
a greater factor than three in the bracing of any building, provided 
that the assumptions of actual wind load are not too small. 
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FOUNDATION S„ 


BEARING POWER OF SOIES. 

The ordinances of Boston and New York leave the determina¬ 
tion of the bearing power of soils to the discretion of the building 
authorities. The laws of New York, however, give 4 tons per 
square foot as the safe load for good, solid, natural earth. The 
laws of Chicago specify tons per square foot for pure clay fif¬ 
teen feet or more thick, 2 tons for pure dry sand 15 feet or more 
thick, and 1 ]/ 2 tons for a mixture of clay and sand. In ordinary 
practice the following loads are used: 200 tons per square foot for 
solid bed rock; from 5 to 25 tons for rock broken or partly disin- 
* tegrated in its natural bed, but well compacted; 4 tons for pure 
dry clay 15 feet or more thick; one ton for soft, wet clay; 8 tons for 
gravel well packed and confined; 4 tons for pure dry sand well 
packed and confined; 2 tons for pure dry sand in its natural bed; 
)/ z ton for quicksands and marshy soil. 

Soils, composed of decaying animal matter, should be removed 
if possible. 

For an important structure of considerable weight, the bearing 
power of the soil under its foundations should be determined bv 
actual test, and a good factor of safety used. 

concrete. 

The best results in concrete are obtained when the volume of 
mortar slightly exceeds the spaces between the loose broken stone 
or gravel. The volume of these spaces amounts to between 40 and 
50 per cent for material of average uniform size. 

The cement should be fresh and dry, and the sand clean and 
sharp. The broken stone should be of fairly uniform size and a 
large per centage of it should pass in any direction through a ring 
2 inches diameter, and all of it should pass through a ring 2^ 
inches diameter- 
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The laws of Chicago specify the following formulae for concrete: 
i part of cement to 3 parts of sand to form a good mortar, enough 
of which shall be used to fill the interstices between the broken 
stones. The laws of New York specify one part of cement to 2 
parts of sand to 5 parts of broken stone. The U. S. Government 
Engineers use the following for foundation work: 1 part of cement 
to 3 parts of sand to 5 parts of broken stone. In the foundations of 
the terminals of the New York and Brooklyn Bridge, a mixture of 
1 part of cement to 2 parts of sand to 4 parts of broken stone was 
used. All of the above mixtures may be considerably cheapened, 
without materially affecting their strength, by replacing half of the 
broken stone with an equal bulk of gravel. In the foundations of 
the Washington Monument the following mixture was used with 
good results: 1 part of cement to 2 parts of sand to 3 parts of gravel 
to 4 parts of broken stone. 

The laws of Chicago will not admit of a load of more than 4 
tons per square foot on concrete foundations. The laws of Boston 
and New York specify a minimum thickness of 12 inches, but leave 
the determination of safe loads for concrete to the descretion of the 
building authorities. The average ultimate crushing strength for 
concrete is about as follows: 15 tons per square foot for concrete one 
month old, 60 tons for concrete 6 months old, and 96 tons for con¬ 
crete one year old. A factor of 6 on these results will give as safe 
loads per square foot, 2 tons for concrete one month old, 10 tons 
for concrete 6 months old, and 16 tons for concrete one year old. 
Ihis last result is used in common practice for building work. 

The preceding results show that concrete does not begin to 
get its full strength until it has set several months. Many arch¬ 
itects and engineers make the grave mistake of allowing, even 
hurrying, construction on freshly laid concrete foundations. Many, 
very properly, let their contracts for foundations ahead of the rest 
of the construction, in order to give the concrete time to set. Cer¬ 
tainly the results given above would teach, that concrete founda¬ 
tions should be left undisturbed at least a month before any con¬ 
struction whatever is allowed upon them. 

STRENGTH OF MASONRY. 

Ihe laws of Boston specify for first quality stone masonry, 
dressed beds and builds laid solid in cement mortar,” the follow¬ 
ing safe loads: 60 tons per square foot for granite, 40 tons for mar¬ 
ble and limestone, and 30 tons for sandstone. If a poorer quality 
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of mortar be used, the above loads are to be reduced to the satisfac¬ 
tion of the building authorities. For first-class work, of hard 
burned bricks, including piers in which the height does not exceed 
six times the least dimensions, the laws of Boston allow the follow¬ 
ing safe loads: when laid in mortar, consisting of one part of 
cement to 2 parts of sand, 15 tons per square foot; when laid in 
mortar, consisting of 1 part of cement to 1 part of lime to 4 parts of 
sand, 12 tons per square foot; when laid in lime mortar, 8 tons per 
square foot. For brick piers whose heights run from 6 to 12 times 
their least dimensions, the loads given above are reduced to 13, 10 
and 7 tons respectively. For “light hard ” bricks, the safe loads 
must not exceed % of those given for hard burned brick. 

The Chicago laws specify for hard brick walls, laid in best 
cement mortar, I2j4 tons per square foot; when laid in ordinary 
cement mortar, 9 tons per square foot; when laid in lime mortar 6 % 
tons per square foot. In general, for stone masonry, if dressed and 
set in best cement mortar, the safe load may be taken as 1-40 of the 
ultimate crushing strength, derived from tests satisfactory to the 
Building Authorities: for masonry of undressed stone, not more 
than 1-70 of the ultimate crushing strength, as derived from these 
tests, will be allowed. 

The laws of New York give, as safe loads for brick masonry, 
the following values: if laid in the best cement mortar, 15 tons 
per square foot; if laid in lime and cement mortar, n )4 tons; if laid 
in lime mortar, 8 tons. 

Prof. Ira O. Baker gives the following as average safe loads for 
different kinds of masonry: for rubble masonry, 10 to 25 tons per 
square foot; for squared-stone masonry, 15 to 20 tons; for limestone 
ashlar, 20 to 25 tons; for granite ashlar, 30 tons; for good brick, laid 
in good lime mortar, 20 tons; for good brick, laid in good cement 
mortar, 30 tons. 

The laws of Chicago specify, that the offsets of stones, used in 
foundation piers, shall not exceed ^ of the thickness of the stones. 
The average safe transverse strength of masonry is about 30 
pounds per square inch, if laid in lime mortar and about 60 pounds, 
if laid in cement mortar. Then to determine the offset or batter 
allowable for a masonry wall: 


h= D 
L=D 



if laid in lime mortar, 
if laid in cement mortar, 
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in which, D is the depth of the offset, L is the total offset measured 
horizontally, and S is the pressure on the substance, on which the 
masonry rests in tons per square foot. L and D must be of the 
same unit, both feet or both inches. Good practice forbids L to 
exceed D, in order that proper bonding may take place. 

No extra provision is made in any of the building laws for 
cap-stones, or stones used to distribute loads over weaker material 
beneath them. The laws of Chicago specify that dimension stones 
111 foundations, if dressed and leveled off to uniform surfaces, may 
be loaded to 5 tons per square foot; if, in addition, they are set in 
brst class cement mortar, this load may be increased to 7 tons, 
f J i general, for the safe crushing strength of stone, use 1-30 of the 
ultimate derived from tests, satisfactory to the Building Authorities, 
for stone dressed and leveled off; for undressed stone use not more 
than 1-50 of the ultimate crushing strength. The following are 
average safe crushing loads for stone: 85 tons per square foot for 
granite, 60 for marble, 50 for limestone and 35 for sandstone. 

To determine the thickness of stone suitable to any given case: 


t=Iy (22 S) Yz for granite, 
t= =k (24 S) y 2 for limestone, 


t — ^ ( 2 6 S) Y* for sandstone, 

^rnwr h> t . is the Sickness of the stone in inches, T the maximum 
ImH t .^ le stone beyond the base of the superimposed 

whiolwi +. 6 0a ^ ) * n tons P er S( l u are foot on the substance, on 
b 1C S ° ne ^ oc k ^ts. These formulae are applicable, only 
en ie stone sets on a fairly solid substance, as brick masonry 
as concre t e ) when the stone rests on a plastic or yielding substance, 
j ? ° r c ^ a y> the numerals in the formulae should be doubled 
ana the formulae then become : 


t=L (44 S) Y for granite, 
t=T (48 S) Y for limestone, 
t=X (52 S) Y for sandstone. 

Owing to the unreliability of limestone in transverse strain, 
e-s s s lould be made to determine the tensile strength of the stone 
, ?! particular case, and if this is less than 750 pounds per square 

> ie results obtained from the formulae must be modified. 


PROPORTIONS OF FOUNDATIONS. 

dead 1 ° !° a ^ S /° considered in a building are of two kinds; the 
• , aC * w *ficb is the actual weight of the materials of construct- 

’ 10 i as ^ le brick, stone, concrete and wood, which make up 
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the walls, floors and partitions; and the live load, which is the 
weight that the floors may be required to carry during the life of 
the structure, such as furniture, goods, machinery or a throng of 
people. The latter load is variable, and, to some extent, imaginary. 
Parts of the floors may be loaded to their full capacity, but the 
probability of the whole structure being so loaded is small. 
Particularly is this the case with the lighter structures, such as 
office buildings and apartment houses. In the case of breweries, 
storage warehouses, manufacturing plants, and buildings of like 
character, there is more likelihood of the construction receiving a 
a full live load. The dead load is a real load, acting at all times. 
One part of the foundation may get its full proportion of live load, 
while another part may receive none, but every part of the struct¬ 
ure is, at all times, at work sustaining its full proportion of the 
dead load. 

The laws of Chicago specify that “ foundations shall be pro¬ 
portioned to the actual average loads they will have to carry in the 
completed and occupied building, and not to theoretical or 
occasional loads.” To get the best results in the way of equal 
settlement, the foundations should be proportioned to the dead load 
only. However, to allow for the live loads, the unit bearing load 
should be reduced. In the case of very heavy construction, such as 
manufacturing plants and storage-warehouses, for isolated founda¬ 
tions, compute the bearing area required for the combined dead 
and live loads at that part of the foundations, where this sum 
becomes a maximum, using the maximum allowable safe unit 
bearing pressure. Then, supposing that only the dead load is 
acting over this area, compute a unit pressure to be used in pro¬ 
portioning the remaining foundations for dead load only. For 
example, take a building whose foundations rest upon good soil, 
capable of sustaining 4 tons per square foot. Suppose the max¬ 
imum column of the building receives a dead load of 300 tons 
and a live load of 200 tons, and another column of the building 
receives a dead load of 200 tons and a live load 100 tons. The bear¬ 
ing area, required for the foundation of the first column, will 
be (300 tons + 200 tons) — 4 tons = 125 square feet. When 
the dead load alone acts, this foundation will receive only 
300 tons I2 5 square feet =2.4 tons per square foot. Then, 
neglecting the 100 tons live load of the other column, its 
foundation area will be 200-7-2.4 = 8^ square feet. 

For buildings intended for lighter work, such as office buildings 
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and hotels, it is not necessary to take into consideration the whole 
live load, except, perhaps in quicksand foundations. Ordinary soils 
will bestrengthed considerably, during the erection of the building, 
by the settlement and consequent packing of the earth. Then, in 
the case of light structures, it is only necessary to consider from 40 
to 60 per cent of the live load. The process of deriving the unit 
bearing pressure, is similar to that mentioned above. 

On a fair soil the live loads 011 dwelling houses may be entirely 
disregarded in designing foundations. 

TYPES OP FOUNDATIONS — ISOLATED PIERS. 

A very simple type of 
foundation is that of iso¬ 
lated piers, illustrated in 
fig. 5. I11 this construc¬ 

tion, each column sets on 
a masonry pier, stepped 
off to give the necessary 
bearing surface on the 
soil below. The walls 
and any carrying pier 
which may exist in the 
building are also stepped 
off to give the proper 
bearing surface on the 
soil. 

When a foundation of 
this type rests on bed¬ 
rock, the piers may be 
built without batter or 
offset, the size of the pier 
then depending only on 
the crushing strength of 
the masonry. 

The computation of 
foundations of this type 
p presents little difficulty, 

r example, suppose the load on column A, fig. 5, to be 300 tons 
c lat on column B to be 250 tons. Suppose the piers under 
f ~^ Umns bear on soil capable of sustaining 4 tons per square 
, ’ . en ^ le area °f the concrete under pier A will be 300 

0I1S * ^ * ons ^ 75 square feet; the side of the square block will 
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then be 8 feet 8 inches. Taking the safe crushing strength of brick 
masonry at 15 tons per square foot, the granite cap will have an 
area of 300 tons 15 tons = 20 square feet, one side of the square 
block then being 4 feet 6 inches. If the granite cap is made thick 
enough, only the crushing strain of the granite need be considered 
in proportioning the cast-iron shoe. Taking the safe crushing 
strength of granite as 86 tons per square foot, the area of the base 
of the shoe will be 300 tons -7- 86 tons = 3 ]/ z square feet, one side 
of the square being 1 foot 11 inches. The projection of the granite 
block beyond a shoe of this size would be 1*5 ]/ z inches, which sub¬ 
stituted in the formulae previously given, would require the granite 
to be 24 inches thick. This being excessive for this purpose, as¬ 
sume the granite to be 16 inches thick, then by substituting in the 
formulae, the projection of the granite beyond the base of the cast 
iron shoe should be 10 inches, and the shoe should be 2 feet 10 
inches square. If the diameter of the cast-iron column be 12 inches, 
the length of the corner rib will be 18 inches. This rib will take 
about of the total load, or 37 tons. Its bending moment, consid¬ 
ering it as a cantilever beam, will be X X 37 tons X 18 inches = 
333 inch tons. Taking the safe unit tensile stress of cast-iron to be 
2 tons per square inch, the moment of resistance of the rib, close 
against the edge of the column shaft, will be 333 -7- 2 = 166 X- 
The moment of resistance of a rectangular section equals ] 4 > of 
the breadth, multiplied by the square of the depth. Taking the 
depth of the shoe as 24 inches, the thickness of the rib becomes 
166^ - 7 - *4 (24)2 = iX inches. The base plate, at the outer edge, 
spans 17 inches between centres of ribs, or 15X inches clear. The 
area of the base plate is about 34 inches X 34 inches less 5 X 5 X 
3.142 (the core hole of the column) = 1077 square inches. The 
pressure over this area is 300 tons -j~ 1077 square inches = o. 28 of a 
ton per square inch. Considering a strip of the base plate 1 inch 
wide at the outer edge, between two adjacent ribs, the bending 
moment becomes XX°* 2 ^ tonsX l S l A inches X J 5A inches =8.1 
inch tons. The moment of resistance is 8.1 — 2 = 4, which for this 
section equals l /e of the square of the thickness. The solution of 
this equation makes the thickness required for the base X °f an 
inch. By using only four ribs and making them deeper, a better 
proportioned base would have been obtained, the method of figur¬ 
ing it being substantially the same. The bearing area of the wall 
column B will be 250 tons -j-4 tons= 62X square feet. In order to 
get the centre of distribution as near to the centre line of the column 
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as possible, this area should be extended along the wall as far as 
practicable. The area of the granite block is 250 tons —7- 15 tons = 
1 6.7 square feet, which is made up by the rectangle 3 feet by 5 feet 8 
inches. The cast-iron base plate of the column shoe becomes 2 feet 
2 inches by 4 feet, and the concrete under the pier 5 feet 9 inches by 
feet. 

This style of foundation is objectionable on account of the valu¬ 
able basement or cellar room used up by the piers. When the 
walls of the building are built close against the property line, in 
order to avoid trespassing on the neighboring property, the offsets 
of the piers under the wall columns must be made on the inside. 
This construction is not only objectionable on account of the eccen¬ 
tric loading of the foundation, but the weight that can be carried by 
a foundation of this type is limited, and it can be properly used 
only in a moderate sized building. The limit of offset for a wall 
pier, when the offset is made on the inside only, occurs when the 
upward pressure on that part of the pier, which projects beyond the 
column base, is exactly balanced by the upward pressure on that 
pait of the pier immediately under the column base. Then the 
niaximum width of the foot of the pier is four times the distance 
n-om the outside of the wall to the centre of the column, provided 
ta 1 ^ ^ le ^ ase flic column is not less than twice this dis- 

ance. or, referring to fig. ^ the maximum distance d is four times 
*’ Pr ^ lded £ is less than twice f. 

this style of foundation is liable to produce dangerous trans¬ 
verse stresses in the columns and wall. At¬ 
tempts have been made to relieve this by 
bedding beam or rail struts in the concrete 
extending from the wall to the central pier 
and tieing the wall columns to the interior 
columns with rods connected to bands 
around the columns just above the shoes. 
The success of this scheme is decidedly 
doubtful. 

STEEI, GRIIylyAGE. 

A good foundation can be made of steel 
beams, laid to form a grillage well bedded 
in concrete. Fig. 6 illustrates this founda¬ 
tion. A good bed of concrete is laid and 
on this steel beams are placed side by side, 
a sufficient number being used to make up 
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the necessary bearing area. This layer of beams is covered with 
concrete, well rammed between, and on it a second layer of beams 
is placed. The second layer of beams is laid across the first layer 
and made long ’enough to reach to the extreme outer edge of the 
outer beams of the first layer. These beams in turn are covered 
with concrete, well rammed between, and on them the shoe of the 
column rests. The beams of both layers .should be fastened to¬ 
gether with separators — which permits exact spacing of beams — 
and tie-rods. 

Frequently, in order to have beams enough in the top layer to 
give it the necessary strength, a wider spread is needed than can be 
well .spanned by a shoe, in which case a short riveted girder or 
bolster is placed under the column. 

The great advantage of the grillage foundation is the little 
depth required for it and the consequent economy of basement 
room. 

This foundation is particularly adapted to heavy work, as there 
is practically no limit to its spread. 

As an example in computing this style of foundation, suppose 
the column, shown in fig. 6, receives a load of 264 tons and the 
soil, on which its foundation rests, is capable of sustaining 4 tons 
per square foot. The bearing area of the concrete bed will be 
264 tons -r- 4 tons == 66 square feet. One side of the square will be 
8 feet 2 inches, which determines the lengths of the two layers of 
beams. Suppose the column to be a 12 inch Z bar column with a 
shoe 20 inciies wide. The projection of the top layer of beams 
beyond the shoe on each side will be 39 inches. The upward pres¬ 
sure per running inch 011 the top layer of beams will be 264 tons-j- 
98 inches = 2.7 tons. The bending moment on the overhang of the 
top layer will be XX 2 -7 tonsX39 inchesX39 inches=2053 inch tons. 
Taking the safe unit tensile stress of steel as 8 tons per square inch, 
the moment of resistance for this case will be 2053-^8=257, which 
can be taken up by 4 I beams 15 inch 50 pounds. Spacing these 
beams 6 inches centres, the projection of the bottom layer beyond 
each side of the top layer will be 37 inches. The bending moment 
will be XX 2 -7 tonsX 37 inchesX37 inches= 1848 inch tons, and the 
moment of resistance 1848-^8=231, which can be taken up by 16 1 
beams 8 inch 18 pounds, spaced 6X inches centres. The shaft of 
the column carries the load to the two central beams of the top 
layer, leaving it to the shoe to transmit % of the load, or 66 tons, to 
each of the two outer beams. The horizontal distance from the 
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centre of the outer beams to the line of vertical rivets, connecting 
the shoe to the shaft of the column, is 6 inches. The bending 
moment of the shoe at this line of rivets is x /z X 66 tonsX 6 inches 
^ 198 inch tons and the nioment of resistance is 198 -7-8= 24^- 
Considering that it is taken up by the gusset plates, the moment of 
resistance is equal to of the combined thickness of the two plates 
°n each side of the column multiplied by the square of their depth. 
Assuming the depth of the plates to be 12 inches, the thickness of 
e ach plate becomes ]/z inch. It is assumed that the plate does all 
of the work of transmitting the load from the column to the beam, 
but in reality the angle connections assist it somewhat. These 
gusset plates are attached to the base plate with good stout angles 
a ud inclined stiffening angles are riveted along the edges of the 
plates to prevent buckling. Each of the vertical rows of rivets, 
which attach the gusset plates to the columns, receives 33 tons single 
shear, faking this shear as 9,000 pounds per square inch, the plates 
e ing thick enough to neglect the bearing, 12 rivets X of an inch 
diameter, at 2^ tons to each rivet, will take the load. As the plate 
1S not deep enough to take so many rivets, a vertical angle milled 
a t the bottom to bear on the angle foot, with a filler milled to bear 
against the gusset plate, is extended far enough up the column 
shaft to take in these rivets. 

In case a bolster girder is used in place of the shoe, it is com¬ 
puted as a cantilever for the distance it projects beyond the edge of 
the column shaft. Immediately below the column, stiffeners suffi¬ 
cient to make up the column section should be provided, and the 
girder in addition should have the necessary stiffeners to secure it 
against buckling. 


CANTILEVER FOUNDATIONS. 

1 o overcome the disadvantage of the unsymmetrical distribution 
0 the load at the wall, the wall columns are sometimes set 011 the 
end of a cantilever girder, which transmits the load to a pier or 
Tlie^ 6 Severa ^ ^ eet f rom the wall on the inside of the building, 
pier or grillage foundation can then be made perfectly sym- 
16 1 ^ Ca ^ 7 illustrates this style of foundation, 

the S an exani I^ e * n computing this style of foundation, suppose 
wa columns in fig. 7 receive loads of 400 tons and the interior 
f° ^°° * ons each. The dimensions of the cross-section of the 

- C ln ^ are s h°wn in the figure. Suppose the soil under the piers 
o e capable of sustaining 4 tons per square foot. The reaction 
a pier E will be greater than the load on column N, so that the 
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bearing area of the pier will be greater than 400 tons + 4 tons = 
100 square feet. One side of the base of the square pier will be 
greater than 10 feet and the distance from the outside of the wall to 
the centre of the pier must be greater than 5 feet. This may be 
assumed as 6 feet. 

In computing the girder, consider it as an inverted girder con¬ 
tinuous over 4 supports, the columns being the supports and the 
pier reactions the loads. The theory of continuous girders is set 
forth elaborately in most works on applied statics. The notation 
used below is that given in Merriman’s “Continuous Bridges,” 
Van Nostrand’s Science Series, No. 25. 


Ri. R2. r 3 . R4. 


c — 1 \ 


1, 1 N 

1 . 7 



<—kt—> 


> 



FIG. 8. 


Referring to fig. 8 for notation, 


Ri=R4=P [ 
R2=r 3 =p [ 


4+8 m+3 m2—6 k—9 mk—3 m2 k+2 k 3 -fm k 3 
4+8 m+3 m2 

6 k+9 mk+3 m 2 k—2 k 3 — mk 3 ~| 

4+8 m+3 in 2 J 


] 


In the example under consideration, I = i6 feet, m=i, k = 
5 /i 6 . Substituting these values in the formulae, Ri=o.63 P and 
R2 = o.37 P. Ri, being the load on the column N, is 400 tons, 
hence P = 640 tons and R2 = 240 tons. The max. bending in the 
first span occurs at pier L and equals 400 tons X 5 feet= 2,000 foot 
tons. There is a bending moment at pier M equal to 400 tons X 
feet — 640 tons X 11 feet = - 640 foot tons, which is constant across 
the span to pier W. The vertical shear is — 4 00 tons under column 
N, which remains constant across to pier T where it passes through 
zero to + 240 tons; this remains constant across to pier M, where it 
drops to zero. The column load above pier M resists the negative 
reaction from the wall column, causing it to change from — 240 to 
+ 60 tons pressure on the pier. The stiffeners in the girder under 
the column are to be proportioned to resist the full column load of 
300 tons. The bearing area of pier L will be 640 tons — 4 tons = 
















128 


EXPANDED METAL 


160 square feet and that of pier M will be 60 4 - 4 = 15 square feet. 
One side of the foot of pier L has already been assumed as 12 feet; 
the other side will be 160 4 - 12 = 13 feet 4 inches. Making pier M 
square, the sides of its footing will be 3 feet 11 inches. Assume 
the depth of the girder between centers of gravity of chords to be 5 
feet from column N to pier I, and 3 feet between piers M and W, 
tapering from 5 feet to 3 feet between piers L and M. The maxi¬ 
mum chord stress between column N and pier L will be 2,000 foot 
tons ~ 5 feet = 400 tons. Between M and W the chord stress will 
be 640 foot tons -f- 3 feet = 213.3 tons. Taking the safe web shear 
as 3 y 2 tons per square inch, 400 tons 4- 3X tons = 114.3 square inches 
will be required between column N and pier L, this can be made up 
of 4 plates 60 inches by X inch thick. At pier M, 240 tons 4 - 3% 
tons = 68.6 square inches of web section will be required, this can 
be made up of 4 plates 36 inches by X inch thick. The webs will 
then consist of 4 plates X inch thick running the full length of the 
girder. Taking the safe unit tensile stress of steel as 8 tons, 213.3 
tons 4- 8 tons = 26.7 square inches net chord section will be required 
between piers M and W. This section can be made up as follows: 

One plate 30 in. X V% in. = 11.25 sq. in. 

6 angles 6 in. X 4 in. X X in- =21.6 sq. in. 

Less 18 rivet holes ^ in. X X in. = 6.33 sq. in. 

Working section — 26.52 sq. in. 

The net section of the chord between column N and pier L will be 
400 tons 4~ 8 tons = 50 square inches, which can be made up as fol¬ 
lows: 

One plate 30 in. X X in. = 11.25 sq. in. 

Two plates 30 in. X X in. = 30.0 sq. in. 

6 angles 6 in. X 4 in X X in. = 21.6 sq. in. 

Less 18 rivet holes \l in. X X in. / 

V- = 11.95 sq. in. 
and 12 rivet holes ^ inX X in. \ 

Working section = 50.9 sq. in. 

A computation of the chord stresses for several points between piers 
L and M will determine the lengths of the X inch plates. The 6 
angles will extend the full length of the girder together with the X 
inch plate. The X inch plates will extend from the ends of the 
girder to points 3 feet and 6 feet beyond piers L and X. The shear 
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under column N is 400 tons, which requires 156 rivets ?/$" diameter 
at tons to the rivet to transmit it from the web to the chord. 
Using 6 inch by 4 inch angles in order to get double pitch, 37 rivets 
will be required to each end stiffener and the rivets in the chord 
angles will be staggered ift inch alternate pitch. The stiffeners 
with the web which they cover should be equal in section to that 
of the column above them; this will require 12 angles 6 inch by 4 
inch by inch and the same will be required at pier L. 

It is practicable to leave out the central span from pier M to 
pier W and this, by destroying the continuity of the girder, will 
simplify the computations, but the increased rigidity and safety of 
the continuous system makes it far preferable. 

In order to avoid the cantilever foundation, some prefer to usfe 
cantilever girders in every story. The column, instead of being 
in the wall is brought out in every story to centre on pier L, and 
the girders in every floor run past the column, forming a cantilever 
which carries the wall girders. This method has some advantages 
in the way of cost and simplicity of construction over the cantilever 
foundation, but is objectionable on account of the valuable floor 
space taken up by the column. 

SPECIAL CASES OF FOUNDATIONS. 

Special cases require special solutions, and many unique devices 
have been used by the Architect and Engineer in the past few 
years. Most of these involve no different computations from those 
presented in the preceding pages. 

For quicksand foundations, it frequently becomes necessary to 
cover all of the available foundation area with grillage and solid 
cantilevers, or to use heavy inverted concrete arches, springing 
from heavy girder skew-backs, tied together with steel bars. 

In subaqueous foundations, screw-piles braced with struts and 
diagonal ties have been used advantageously, or hollow cylindrical 
steel piles, driven by water jets. 

In the past three or four years, some of our best Architects and 
Engineers have resorted to steel caissons, driven by the pneumatic 
process, and afterwards rammed full of concrete. 

IMPROVEMENT OF SOU,. 

Poor soils can, with careful study, “ frequently be improved 
sufficiently to be used as foundations. Wet or saturated soils can 
be improved by drainage. Loose soils can be improved by ramming 
or compacting by means of piles driveii at intervals. Sand piles 
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have been used advantageously in compacting poor soils. Holes 
are bored in the soil to the necessary depth and dry sand is rammed 
into them supplying good material in place of the poor soil and 
compacting the surrounding matter. Trenches are sometimes dug 
and filled with dry sand or gravel well rammed; where the sand or 
gravel can be kept confined this makes a first class foundation. 

Every foundation should be protected against frost. This is 
insured in this climate, by excavating at least six feet below the 
surface of the surrounding soil. 

PIIyES. 

Piles, if properly driven and kept submerged in water, make a 
very reliable foundation. 

They should be driven to an equal bearing, which is determined 
by the amount of penetration under the last blow of the hammer, 
and their heads should be cut off at or a little below low water¬ 
mark. 

The laws of Boston require piles to be capped with granite and 
specify a maximum spacing of 3 feet between centres. The laws of 
Chicago require them to be capped with an oak grillage, specifying 
a maximum load of 25 tons per pile and a maximum fibre stress of 
1200 pounds per square inch for the oak grillage. The laws of 
Chicago also require that piles be driven to rock or hard-pan 
bearings. The laws of New York specify a minimum diameter of 
5 inches, a maximum spacing of 2]/ z feet between centres, and 
a maximum safe load of 20 tons per pile. 

The bearing power of piles depends on the friction, cohesion, 
and buoyancy of the soil into which it is driven, except in the case 
of piles bearing 011 bed rock. I11 the latter case, if the surrounding 
soil is plastic, the bearing power of the pile is its safe load, com¬ 
puted as a column with round ends and a length equal to the dis¬ 
tance from the capping to the bed rock; if the surrounding soil is 
moderately hard, sufficient to brace the pile at every point, the 
bearing power is equal to the safe direct compression on its least 
cross-section. 

The determination of safe loads for piles has, as yet, never been 
satisfactorily settled, and consequently each engineer must use his 
best judgement on each problem as it confronts him. The follow¬ 
ing table has been computed from the well-known formula derived 
by Mr. A. M. Wellington: 
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Safe Loads for Piles, in Tons. 

W, Safe Load, in tons. L, Weight of Hammer, 
Formula- W= 2 in tons. H, Height of Fall of Hammer, in feet. 

" M + i M, Penetration of Pile under last blow of Ham¬ 

mer, in inches. 

Note. The values below have been computed for a hammer weighing a ton 

Penetra¬ 

tion of 
Pile, in 
_ tnches. 

HEIGHT OF THE FALL OF THE HAMMER, IN FEET. 

3 

4 

5 

6 

8 

10 12 

14 

16 j 18 

20 

25 

30 

0.25 
°- 5 o 
°* 75 

1.00 
1.25 
i- 5 o 
i -75 
2.00 
2.50 
300 
3-50 
4.00 
5 -oo 
6.00 

4-8 

4.0 

3-4 

3 -o 

6.4 

5-3 

4.6 

4.0 

3-6 

3-2 

8.1 

6.7 

5-7 

5-0 

4-5 

4.0 

3.6 

3-3 

9-7 

8.0 

6 ' 9 

6.0 

5-4 

4.8 

4.4 

4.0 

3-4 

3 -o 

12.9 

10.7 

9.2 

8.0 

7-1 

6.4 

5-8 

5-3 

4.6 

4.0 

3-6 

3-2 

16.1 
13-3 
n -5 
10.0 
S -9 
8.0 
7-3 
6.7 
5-7 
5 -o 
4.4 
4.0 
3-3 

19.4 
16.1 

13.8 
12.0 
10.7 

9.6 

8.8 
8.0 
*9 
6.0 
5-3 
4.8 
4.0 

_idL 

22.5 
18.7 

16.1 
14.0 

12.5 

11.2 

10.2 

9-3 

8.0 

7.0 

6.2 
5-6 
4-7 

25.8 

21.3 

18.4 
16.0 
14-3 

12.8 

11.7 

10.7 
9 -i 
8.0 
7 -i 

6.4 
5-3 

4.6 

29.1 
24.0 
20.7 
18.0 

16.1 
14.4 
I 3 * 1 
12.0 
10.3 

9.0 

8.0 

7.2 

6.0 

32.3 

26.6 
23.0 
20.0 
17.9 
16.0 

14.6 
13-3 

11.4 
10.0 
f -9 
8.0 

6.7 

5-7 

33-3 

28.8 

25.0 

22.3 
20.0 
18.2 
16.7 
14-3 
12.5 
11.1 

10.0 

8.3 

JLL 

34-5 

30.0 

26.7 

24.0 

21.9 

20.0 

17.1 

15.0 

13-3 

12.0 

10.0 
S.6 


T ^ le ta ^ e ^ las been computed for a hammer weighing a ton. 

Q safe loads, in case a hammer of different weight from this is 

results given in the table, multiplied by the weight 
01 the hammer in tons. 

, As * s ev ^ ent ^ r °ni the formula, the amount of jienetration 
tl 1 Tf 1C r aSt tbe hammer should be specified, and it is 

orT r ^i° .^e engineer to take measurements to see that this is 
le I he broom and splinters should be carefully re- 

no\e ( rom the head of the pile for the last blow. The heads of 
1 f s b° u ld be sawed off to the same level and capped with 

° tl grillage or filled around with concrete. 
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